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Bpouopa npexacrasiasier co6oit 0630p suTepa-
TYPHbIX [A@HHBIX 1O BJIHSHHIO TOHKHX MeTaJljinye-
CKHX, OKHCHBIX H MOJOOHBIX HM IIJIEHOK, a TaK¥Xe
fIBJIEHHH NOBEPXHOCTHOH afcop6UHH B pacTBopax,
COJlepKallliX MOBEPXHOCTHO aKTHBHble BeEILecTBa,
UJH B 3JIEKTPOJIMTAX HA CBOACTBA MeTaJIOoB TpH
UCMBITAHHAX Ha pacTsXeHHe, M3THG, NON3YyyecT,
YCTa/loCTh, H2 BeJIHYHHY yNpyroro nocjeneictBus .
U BHYTPEHHEro TpeHHS H Ha CNOCOGHOCTb MeraJ-
JioB racuTb KoJseGauusi. I1ockosbKy 3TH (hakTophl
0Ka3blBalOT HaubGoJspliee BJHSIHHE Ha MeXaHHYec-
KHe CBOHCTBAa MOHOKPHCTaJJIOB, 0c0o60e BHHMA-
HHe ylensieTcs M3y4YeHHIO 3THX siBJeHui. OmHo-
BPEMEHHO OLEHHBaeTcs BJHSIHHE 3THX (aKTOpoOB
Ha MeXaHHYeCKHe CBOHCTBa MOJHKPHCTAJNIHYEC-
Kux MeraanoB. [IpoBoauTcs KpHUTHUECKHH 00630p
pas/MYHbBIX MEXaHH3MOB BJIMSIHHSI COCTOSIHHS IIO-
BEPXHOCTH HAa MeXaHHYecKHe CBOMCTBA MeTaJlJOB.

Bpoiutopa siBAsiercsi OLHUM H3 BBHINYCKOB Cce-
pun «¥Ycnexu (U3HKH MeTa/VIOB» M pPacCYHTaHa
Ha HMHXXeHepOB — METa/lJIOBEOB U MeTaJJIo(hH3HU-
KOB, a TaKKe MOXeT ObiThb MoJie3dHa CTYJeHTaM
BY30B H TE€XHHKYMOB. :
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NMPEAUCJ/IOBUE PEJAKTOPA PYCCKOIro NMEPEBOJA

B coBpemeHHO# HayuyHOl nuTepaType Bce yallle NONBJSIOTCA [aH-
Hble O BJIUSIHMM COCTOSIHMS TOBEPXHOCTH MeTaJljla Ha €ro CBOM-
cTBa, 0coOeHHO MexaHHueckHe. FIMeHHO NO3TOMY HAacTOSITEJbHO
HeoOXONMM CHCTEMaTH3HMDOBaHHBIH 00630p CHeluaJbHOH JHTepary-
pHl, IVIaBHBIM 006pa3oM 3apyOexHOH, B KOTOPOH NPHUBOAATCS HaH-
Hble 110 M3YUeHHIO BJHMSNHSA IJIEHOK, 00pa3ylolluxcsa Ha MeTaJiax
npu IeHCTBHH Ha HHUX PAas3/JqHYHBIX [OBEPXHOCTHO AaKTHBHBIX Be-
uwectB. Takum o63opom siBasercs cratbs M. Kpamepa u JI. [le-
Mepa, KOTOPYIO MBI HM3/laeM B BHJEe OJHOTO H3 BBHINYCKOB CepHU
«Ycnexu (HU3MKM MeTassnoB». He orpaHu4uBasich, .0JJHaKO, TOJbKO
3TOH 3ajauyell, aBTOPbl 3HAKOMAT YHUTaTeJs C Pa3JHYHBIMH MeTo-
JaMH, NPHMEHSBIIMMHCS pPa3HBIMH HCCJIeNOBaTeJsIMH JJs H3yue-
HMS MeXxaHHM3Ma 3TOro BO3IeHCTBHS. B Tex cuayuasx, korpa pe-
3yJabTaThl OTAEJNbHLIX PabOT He COBNAZAIOT WJIM NPHBOAAT K IIPO-
THBONOJIOXKHBIM BBIBOJAM, OHH He H3J1aTalOT CBOEro MHEHHS U He
JalT KPHUTHYECKOH  OUEHKH, OTPaHHYHUBAsCh H3J0XKEHHEM MOJY-
YEHHBIX Pe3YyJbTaTOB. _

CraTbsi mpejacTaB/sieT ONpeleseHHbI HHTepec, TaK KaK 3HaKo-
MHT CO MHOTHMH 3apy0GeXHbIMH  paboTaMH, BBINOJHEHHBIMH B
3TOH BaKHOH 006J1aCTH HAYyYHOIrO HCCJAENOBaHHA.



BBEJEHHE

Hauajio M3yueHHIO BJIHSIHHSI MOBEPXHOCTHBIX IJIEHOK Ha Mexa-
HHYeCKHe CBolicTBa MeTaJsoB Oblao mojoxeno B 1934 r. Pocko [1],
VCTAaHOBUBLIMM, YTO TOHKHME OKHCHbIEe IJIEHKH OKa3blBalOT CHJbHOE
BJAHSHHE Ha MeXaHHYeCKHe CBOHCTBa MOHOKDHCTAJJIOB KaAMHuf,
NoBHIUasA, KaK NpaBHJ0, HX TnpouHocTb. C Tex mop npoBeleHO
MHOTO 3KCMepHMeHTaJbHbIX paboT, 4TO MO3BOJMJO cobpaTb M0-
noJiiuTeNbHbIe (DaKThl. BJAHSIHUS BecbMa TOHKHUX IJIEHOK Ha Mexa-
HMUYEeCKHe CBOMCTBAa MeTaJ/IOB B OMpelesieHHbIX ycaoBHsX. B oc-
HOBHOM HCCJIEOBAJIOCh BJIMSIHHE MJIEHOK Ha MJIacTHYeCKHe CBOM-
CTBa.

Dbllo MpeAnpHHATO HECKOJbKO MOMBITOK pPacCMOTpeTbh OOLiHe
3aKOHOMEPHOCTH HM3MEHEHHS MeXaHHYeCKHX CBOHCTB B CBSI3H ¢ IO-
BEPXHOCTHEIMH siBJeHHsMH. Jloknaan I'neHa [2], KoTophlil, K coxa-
JieHHIo, He Obli onyGJHKOBaH, SIBJISIETCS, BEPOSTHO, €IMHCTBEHHOI
MOMBITKOH COCTABHTb COJEpKaTeNbHbII KPHUTHYECKHH 00630p pa-
6ot B 3TOH OOWHpHOH o6Gaactu. B Menee nosHom o63ope AHzpa-
ne [3] onucbiBaOTCS MO CYLECTBY Te Ke siBjeHusi. OgHako o6a 3TH
o630pa ycrapeJu U HH B OZHOM H3 HHX He 3aTparuBaloTCs BOI-
pochl, CBsI3aliHble C YCTaJOCTHOH IHPOYHOCTBIO H KOPPO3HOHHOM
ycTanocTbio MartepuasoB. B crartbsix [uamana {4], Beiinepa n
Ienzamepa {5] umerorcsi cxkatele 0630pH O HEKOTOPHIM crenudu-
YeCKHUM BONMpoOCaM, KacCalOUIUMCSl BJHSHUS MeTaJIMYeCKHX IJIEHOK
Ha OTAeJibHble MeXaHHYECKHe CBOMCTBa MOHOKpHcTa/noB. PaGora
Jluxtmana, Pe6unnepa u Kapnenko [6] nocsimieHa riaaBHbIM 06-
pPa3oM BJIMSIHHIO MOBEPXHOCTHO AKTHBHBIX Cpell Ha MeXaHHYeCKHe
CBOHCTBAa TBepIbIX TeJ.

Hama cratess npexacraBaser co6Goil 0630p COBpEeMEHHOro CcCoO-
CTOSIHMS BONpPOCAa O PAa3JIMYHBIX SIBJI€HHSIX Ha IOBEPXHOCTH MeTaJ-
JIOB U BKJIIOYAaeT 3KCIePHMEHTaJIbHble JaHHble O BJHSHUH COCTOS-
HHS NOBEPXHOCTH Ha CBOHCTBA MeTaJlJIOB NpPHM HCNBITAHUSIX Ha pa-
CTs2KeHHe, H3TH0, NoJ3yyecTb, YCTaJOCTb, Ha BEJHYHHY HEHOP-
MaJIbHOTO YNPYroro mMoc/jeieHCTBHS M BHYTPEHHEro TpPeHHs H Ha
Crnoco6HOCTh METaJslJIOB TacHUTh KoJeOaHus.

B cratbe He paccmMaTpuBalOTCSi H3MEeHEHMsl, BHI3bIBaeMble INPO-
[eccaMi TeXHOJIOTHYECKOTO yINpOYHEHHs, BKJIOYasi MOBEPXHOCTHOE
JIeTHpOBalNHe H BJIMSIHNE BHYTPEHHHX HalNpsiKeHHH, mpeiHaMepeH-
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HO CO3/aBaeMblX B NMOBEPXHOCTHBIX CJOAX. DTH NPOLECCH LOBOJb-
HO LIMPOKO OCBeLlaloTCsi B CHelHasJbHOH Jurepatype. Kpome To-
ro, He paccMaTPHBAIOTCA TaKHe BecbMa BaxKHble (DaKTOPhl, OKasbl-
Ballllde 3HAUYHTEJbHOE BJHSHHE Ha MeXaHHUeCKHe CBOHCTBa Me-
TaJJIOB, KaK pa3Mep M ¢opMa o6paslla, KayecTBO OKOHYATENbHOMH
OTJEJKH NMOBEPXHOCTH, GOMOGAapIHPOBKA MOBEPXHOCTH HENPOHUKAO-
IIHMH PaJHOAKTHBHBIMH YaCTHIIaMH, a TaKXe BJIHsSHHE COCTOSHHS
MOBEepPXHOCTH Ha MOBeleHHe MeTaJjJja NpPH H3HOCe.

Mbl paccMaTpuBaeM BJIMSIHHE TOHKHX MeETaJIIMYeCKHX, OKHCHBIX
H MonoGHBIX HM IJIEHOK, a TaKXe sIBJeHHe IMOBEPXHOCTHOH ancop6-
UMM B pacTBOpax, COJeprKallUX NOBEPXHOCTHO AaKTHBHbIE BeLIEeCT-
Ba, WJH B 3JIEKTPOJIUTAX Ha MeXaHHYECKHe CBOHCTBa MeETaJlJOB.
Brio ycraHoBseHo, uTO 3TH (hakTOpbl HaubGosee HHTEHCHBHO BJIHS-
I0OT Ha OOJBIIMHCTBO MEXaHHYECKHX CBOHCTB MOHOKDHCTAJJIOB H
JNeHCTBYIOT ropasno cnabee Ha CBOICTBA  MOJHUKPHCTAJJIHYECKHX
MatepHuaJjoB. C uenabio 6ojiee nMoapoOHOro BHISICHEHHS MEXaHH3MOB
JNedopMallii OCHOBHOE BHUMaHHe YIEJSJIOCh H3YUEHHIO 3THX sIBJE-
HHMI Ha MOHOKpHcTasiaax. OnHako GbLIO YCTaHOBJIEHO, YTO 3TH (ak-
TOPBl YaCTO OKa3blBAlOT 3HAUHTEJbHOE BJIMSIHHE HAa HEKOTOpble Me-
XaHHYecKHe CBOHCTBA MOJHKPHCTAJHYECKHX METAJ/JIOB H IO3TOMY
uMeT 60JblIoe MpaKTHYeCKOe 3HaUYeHHe.



OKHCHBIE U METAJIIMYECKHE NJIEHKH

Teopusi AHCJIOKallMii HAa TOH CTaJMH Pa3BUTHs, KaKOH OHa JO-
CTHIVIa B MOCJEeJHHe TOJbl, NO3BOJSET NpeicKasaTb XapakTep Io-
BEeJleHHS U BJIMSIHHE TBEPAbIX MOBEPXHOCTHHIX MJEHOK Ha MeXaHH-
yecKHe CBOHMCTBa MeTaJJIH4eCKHX MOHOKPHCTAJJIOB.

CoBepllleHHO OYEBHIHO, YTO TaKas NJEeHKa MOXKeT BJHATb Ha
BO3HHKHOBEHHE IJIaCTHUYECKOTO TEeYeHHs,, Ha CKOPOCTb YNPOYHEHHs,
Ha o6uyio ¢GopMy KpPHBOH <«HampsixKeHue — AedopmalHsi», a Tak-
K€ Ha XapaKTEePUCTHKH paspylleHHs. DoJbLIMHCTBO MOMXOOGHBIX TH-
N0Te3 BO3HHKJIO Ha OCHOBE 3SKCHEPHMEHTAJbHBIX NaHHBIX, TWOJY-
YeHHBIX 3a 3TH roAbl. TeM He MeHee NpeACTaBJseTcs LeJaecoob-
PpasHbIM OOCYAMUTb HEKOTOpble HIeH, OODBSCHAIOLIHEe OCHOBBHI Mexa-
HU3Ma BJIMSIHUSI TBepJblX NMOBEPXHOCTHO AKTHBHBIX IJIEGHOK Ha Me-
XaHHYECKHe CBOACTBA, JO PacCMOTPEHHsI pe3yJbTaTOB 3KCIEpPHMeH-
TaJbHBIX HCCJEJOBaHHH,

M3 rteopuu pauciokauuii cjaeiyeT, YTO TOHKas MNOBEPXHOCTHas
NJIeHKa MOXXeT OKas3aTb CYyILUeCTBeHHOe BJIMSIHHE Ha BO3HMKHOBEHHE
CKOJIbJKEHHSI B MOHOKDHCTAaJJaX, €CJH 3TO CKOJIbXKEHHe BhI3LIBaeT-
C B OCHOBHOM HCTOYHHKOM, pacCHOJIO)KEHHbIM Ha IOBEPXHOCTH.
®Guwep {7] yxkasbiBaeT, YTO IOBEPXHOCTHHI HCTOYHHMK PpaHKa —
Puna moxer o06Gpa3oBaTbCsl M3 CermMeHTa JUCJAOKALMH, OLHH KO-
Hell KOTOPOro 3akpenJeH, a APYroil HaXOAMTCS Ha IOBEPXHOCTH
MOHOKpHCTaJs1a. MOXKHO CyHTaTh, YTO TaKOH MOBEPXHOCTHBIN HC-
TOYHHK 3aKpelJieH B TOYKe BHe KpHCTaJJja, B pe3yJjibTaTe Yero ero
3¢ ¢pexkTHBHAsl [NJIMHA NOJyyaeTcss BJABoe O0oJbllle NeHCTBHTENbHOI.
Kputnueckoe HanpsikeHHe 1151 o6pa3oBaHHs NOJYNETIH I0406-
HbIM TOBEPXHOCTHBIM HCTOYHHMKOM COCTaBJISIET

t/G= b/2Lg,

rae Lg — paccrosinMe OT 3aKpelVIeHHOH TOYKH [0 NOBEPXHOCTH;
G — MonyJb CHBMIa;
b — BeanuuHa BekTOopa Broprepca.

[lepBoHauanbHOEe HampsiKeHHe, HEOGXOAMMOE [Jisi AKTHBAlMH
ucrouHHKa PpaHka — Pupa BHYTpH KpHcTasla

ti/G = b/Lh



rae L; — paccTositHHe  MeXAy  3aKpemJeHHbIMH  TOYKaMH.
Ecau npeanosioxutb, uto Lg u L; pacnpejeneHsl B MOHOKPHCTaJ-
Jie CTATUCTHYECKH OJMHAKOBO, TO OKa3bIBAeTCs, YTO HampsiKeHHe,
Heo6xomuMoe Ui 00pa3oBaHHsl TNeTesb NHCJIOKAUMH Yy OOGBIYHOTO
{IOBEDXHOCTHOTO HCTOYHHKA, MOKET COCTaBJISITb OKOJIO MOJIOBHHBI
TOro HamnpsiKeHusi, Kotopoe Tpebyercs 1js o0OpasoBaHusi METeJb
y OOLIYHOTO BHYTPEHHEro HCTOYHHKA. JTO MOATBEPKIAeT HIel O
TOM, YTO NMOBEPXHOCTHBIE MCTOUHHKH MOTYT HIPaTh BaXHYIO pOJib B
neopMalkd MeTaJJHYeCKHX MOHOKpHcTanJaoB. Ecam Teuenne me-
Taana o6yCA0BAMBAETCS MOBEPXHOCTHBIMH HCTOUHHKaMH PpaHka —
Pupa, 3Ta BO3MOXKHOCTb BO3HHMKAaeT MOCJe TOro, Kak YMepeHHOe
yIpOYHEHHe MOBEPXHOCTH MEeTaJJIMYECKOr0 KPHCTaJjljla CMOXKET CO3-
IaTb 35KBHBAaJIEHTHOE YIPOYHEHHe BCErO MOHOKpHCTaJJjaa. B 3tom
cJyyae TOHKasi MOBEPXHOCTHAsI IMJIEHKA MOKET MOBBICHTb MaKCH-
MyM BJiBOoe [eHCTBHTEJIbHOE KPUTHYECKOe IPHBEJEHHOe HampsxKe-
HHe CIBHra MOHOKpHCTaJJa.

Hajiee U3 TEOpPHUH CJENYeT, YTO AHUCJIOKALHUs, NMpHOJH3UBLIASACSA
K CBOGOJHOH MNOBEPXHOCTH MOHOKpHCTAaJ1a, OyAeT WUCHbIThIBATh
NpUTSXKeHHe, CTpeMslleecss yAaJHTb ee H3 MoHOKpucTaana. O6b-
fICHEHHe 3TOro siBjeHusi, naHHoe Korrpessom {8], cocrour B TOM,
yto pabora, HeoOxXonuMasi JJisi NPOABHUAKEHHS IHUCJIOKAalUHU 4vepe3
pelleTKy, YMeHblaeTcsl BCJENCTBHE OTCYTCTBHS NpPaBHJbHOH
CTPYKTYpBl Ha KPHCTAJJIHYECKOH MOBEPXHOCTH, B pe3ysbTaTe Yero
5Heprusi AedopMalliM MNOJS HaNpsXKEHHH Nepel  JUCJOKalMell
yMmenbuiaercsa. OKOHYATebHOE COCTOSIHHE MOXKeT OBITh NpeacTaB-
JIEHO TakuM o0pa3oM: N0 JAPYryI0 CTOPOHY T'paHHLB Ha paBHOM
pPacCTOSIHHM OT Hee NPHUCYTCTBYET NHUCJIOKALHUsS MPOTHBOIMOJOXKHOTO
3Haka. TakuM o6pa3oM, CHJIa NPUTAXKEHHS YBEJHYHBAETCS MO Me-
pe TOro, Kak [IHCJOKAallWs BHYTPHU KpHCTaJjaa NpubaMKaeTcs K
TTIOBEPXHOCTH.

OnHako MOBEPXHOCTh METaJJIHYeCKOro o6paslia He MOXKeT ObTh
COBEpLIEHHO CBOOOAHOH OT BCAKHX 3arps3HeHHH, OCOGEHHO ecJiH
MeTaJs1 HaxoAUTCs Ha Bo3jayxe. IIpakTuuecku BO BceX CJaydasix Ha
NOBEepPXHOCTH o6pasia obpa3yeTcsi TOHKasi OKHCHasi mJeHka. [lpw
HaJHUHH TaKoH NJEHKH Ha IMOBEPXHOCTH MOHOKPHCTaJjla MOXKHO
OXHJaTb, UYTO OHa OyJeT OKasblBaTb BJIHSIHHE Ha JHCJOKALHMIO,
npu6AN3HBLIYIOCS K NOBEPXHOCTH. B 3TOM ciayuae BO3HHKAIOT ABa
THINA HapyLeHHs CHJOLWIHOCTH CTPYKTYphl MOHOKpHCTaJjla: MeX-
1y MEeTaJJIM4eCKUM MOHOKPHCTAJJIOM H INOBEPXHOCTHO! MJIEHKOH H
MeX/y MJIEHKOH M OKpYyXKalolei cpefoi. MoXHO 0XHIaTh, YTO KPH-
CTaJlIH4eCKast CTPYKTypa OKHCHOH HJIM NONOGHOH el NJIEeHKH, a
TaKXX€ MeTaJlJIMYecKOH NJIeHKH, HaHeCeHHON Ha MOHOKPHCTaJlJ, OT-
JiM4aercss OT CTPYKTYpPhl OCHOBHOIO KpHCTaJjla MO THIY KPHCTaJ-
JIMYECKOH pELIETKH H, KOHEYHO, N0 PAaCCTOSIHHIO MEXJAy aTOMaMH,
B pe3yJibTaTe YEero CO3J4aeTcsl ONpefejleHHOe HECOOTBETCTBHE MeEX-
Ay aTOMHBIMHM CTpYKTypamu. Kpome Toro, ympyrue cBoiicTBa mJeH-
KM ¥ OCHOBHOI'O MOHOKDHCTaJiJa OObIYHO OBIBAIOT Pa3/IHUHBIMH.

Ilpy npuGsvKeHHH JHCIOKANMH K NOKPBITOH NJEHKOH MOoBepx-
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HOCTH peaJIbHOTO MOHOKPHCTaJJa MOTYT CO3AaThcsl Cleayloulne
CHUTyaUMH: JAHCJAOKalUuss 6yAeT UCHBLITHIBATh INIPUTSAXKEHHe, HO C
MeHbllleii CHJIOH, YeM B TOM cjaydae, eciu Obl NOBEPXHOCTb Oblia
COBEpILEHHO YHCTOH; NMOBEPXHOCTb OyJeT OKa3blBaTh HE3HAUYHUTEJIb-
HOe BJIHMSIHHE Ha [AUCJAOKALMIO HJIX AHCJIOKalus OyHeT OTTaJKH-
BaThbCsl C CHJIOH, BeJMYHHA KOTODOH 3aBHCHT OT COOTHOLIEHHS
CTPYKTYPHBIX XapPaKTEPHCTHK H YNPYTUX CBOMCTB IJIEHKH M OCHOB-
HOrOo MOHOKpHCTa/ja. B mnocienHem ciayuae HanpsiKeHue, HeoO-
XOAUMOe [Jis1 BO3HMKHOBEHHSI Ipollecca CKOJIbXKeHHsI, Oyner Io-
Belatbesi. CoBpeMeHHOe IIpeAcTaBJieHHe O pas3pylieHne MeTaJ-
Jla TmnpeanoJsiaraer, 4Yro KOHLEHTpPalHsi Hanpsi)KeHWH, BbI3BaHHasl
CKOIlJIEHHeM J[HCJOKaluil y mNpensitTcTBHH, 0O6yCJOBJAHBaeT nOCTa-
TOYHO BbICOKHE HaIPAXKEHHs, CIOCOOHble NDUBECTH K 3apOXKIEHHIO
Tpewunbl. MoXHO 0XHAaTh, 4TO JI00Oble (AKTOPBI, OMpeneJsiio-
UlHe pacnpejesieHHe JHUCJIOKAUMH B MeTaJJHYeCKOM MOHOKpHCTAJI-
Jie, GyAYyT BJHATb Ha XapaKTePHUCTHKH pa3pylieHus. Toukas njeH-
Ka 1la MOBEPXHOCTH MOXKET NPeNATCTBOBATb PACIHPOCTPAHEHHIO JHC-
JIOKallMi 4epe3 MJIEHKY W BbI3bIBaTb HX TOpMoXeHHe. BosHukalo-
lasi NIpH 3TOM KOHUEHTPalHs HanpsikeHHH OyneT cnoco6GCTBOBATH
00pa3oBaHMIO TPELIMH W BbI3bIBaTb pa3pylIeHHE NPH 3HAYHTEJbHO
Menbllled creneHd AedopMalHH, YeM INPU OTCYTCTBHH TaKoOH
MJIGHKMU.

Bce 3T uiaeH, Xors OHH OblIM PAaCCMOTPEHbl JHIIL CXEMaTH-
YeckH, 1e1ecoo0pasHo HCNONb30BAaTh MAJSI OLUEHKH HEKOTODPHIX H3
BbIMTOJIHEHHBIX 3KCINEPUMEHTAJbHBIX  HCCJAENOBaHHH. ITO MOXKeT
O6GJIeTYUTh TOHMMaHHE BJIHSIHHSI TOHKMX TBEPABIX MOBEPXHOCTHBIX
NIeloK Ha MeXaHWYECKHe CBOHCTBA MeTasyoB. B pasubix pa6orax,
NpoBeJeHHbIX B 3TOH o06JacTH, OBLIO HCMNOJb30BAHO OOJIBILIOE KO-
JIMYECTBO DPa3HOOOpa3HbIX METOHOB HcnmbiTaHuA. O[HAaKO Lejbio
BCeX 3THX paboT SBJAJOCH NOJYYEHHEe 3SKCEPHMEHTaJbHBIX AaH-
HBIX O SIBJIEHHSIX, CBS3aHHBIX C BO3HMKHOBEHHEM, PAaClpOCTpaHeHH-
€M MJM 3aBeplleHHEM IJIaCTHYECKOTro TeueHHsi. PaccMmaTpuBaeMbie
HHXK€ 3KCnepHMMeHTasbHble paboThl M3JIaraloTCsi B OCHOBHOM B CO-
OTBeTCTBMHM C 3TOH KJaccHpUKaLHedl.

Bausxue naeHOK Ha Kputru4deckoe npusedenHoe
Hanpsaxcernue cosuea

B 1934 r. Pocko {1] mokasan Ha MOHOKPHCTaJJHYECKOH KaJMH-
€BOil NPOBOJIOKE, YTO COCTOSIHHE IOBEPXHOCTH OKa3blBAa€T HCKJIIO-
yuTeJbHO O0JibllIOoe BJMSHHE Ha KpHUTHYECKOe IpHBEIEHHOEe Ham-
psiKeHHe cJBHra MoOHOKpHcTaioB. OH ykasbiBaer [9], uTo oKuCHas
nJeHKa ToJIHHOM MeHee 20 aTOMOB YyBeJqHYMBaeT KPHTHYECKOE
npHUBefeHHOe Hampsi)KeHHe MOHOKPHCTAJIJIOB KaJMHsS INPUMEpPHO Ha
50%. C noBbllleHHEM TOJLIHHBI OKHCHOH myeHKH po 1200 aTomosm
nepBoHayaJbHOE HAMpsiXKeHWe CABHra IOBbILIAeTCS MPHOJIH3HUTENb-
Ho Ha 100%. OH TakXe YCTaHOBMJI, YTO NPH HEKOTOPOH KPHUTHYEC-
KOH TOJIIMHE TOBEPXHOCTHON MJIEHKH 5(Q(EeKT ee BJHSHHUS YMEHb-
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IaeTcsl ¢ yBeJHYEHHEM TOJLIMHBI o6pasna. Pocko He 06Hapyxui
3aBHCHMOCTH MEXAY BJIHSHHEM MOBEPXHOCTHOH IIJIEHKH M OpHEH-
Tauuell MOHOKpHCTaJJoB. Ilocme CHATHS OKHCHOHM MJIEHKH C IIO-
BEPXHOCTH MOHOKDHCTA/JIa IIeTKOH, CMOYEHHOH pa3BaBJIeHHOH
KHCJIOTOH, KpHUTHYeCKOe HampsiZKeHHe CABHra MOHHMXKAJOCh OO HOP-
MaJIbHO# BeJIMYHMHBL.

Pocko nosaraJ, 4To Ha6JiofaeMoe YIpOYHEHHe He MOXKeT ObiTh
06yCJIOBJIEHO MPOYHOCTbIO OKHCHOH IJIEHKH, BO-NEpPBBHIX, M3-3a Ma-
JIOH ee TOJILHHBI H, BO-BTODPBIX, M3-32 3aMeTHOTO YBEJHUYEHHs Hal-
pSXKEHHsl TEYEeHHs N0 Mepe INPOTEKaHHs mpolecca AedopMaluH.
Ecau 6bl MPOYHOCTb MJIEHKH Obljia ONpelessIolUM (PakToOpoM, IpH
ee paspyLIeHHH IOJIKHO OblIO Obl NMPOMCXOIAMTb IOHMMKEHHE Hal-
pAXKEHHMs TeyeHHs. DbLIo BBICKa3aHO NpEANOJIOXKEHHe, YTO HabJio-
JaeMoe sIBJeHHe CBHIETETbCTBYeT O BO3HHKHOBEHHH IIpolecca
CKOJIbXKEHHUs] Ha MOBEPXHOCTH MOHOKDHCTaJJla M DacClHpoCTPaHEHHH
ero BHyTpb. POCKO Mpeanosoxus, 4To NOBhIIEHHe MPOYHOCTH 00yc-
JIOBJIMBAETCS 3aJieYHBaHHEM CYOMHKDPOCKONHYECKHX TpeUlHH ¢ Io-
MOIIbIO IJIEHKH, aHAJOTHYHO IMOBEIEeHHI0O KaMEeHHOH COJNH B BOMIE
[10].

Hpyrue uccrenoBartenu {11], Takke m3yuaBlIive BJHSIHHE OKHC-
HbIX MOKPBITHH Ha KPHTHYECKOe HamnpsKeHHe CIBHra, BbI3bIBAIO-
llee CKOJIbXX€HHE B MOHOKPHUCTaJ/JaX, B NMOATBEpXKIEHHE pe3yJibTa-
toB Pocko mokasajM, YTO MpH HAJHYMH Ha MOHOKPHCTa/IaxX Kaj-
MHUs, He cOomepIKalluX a30Ta, TOHKON OKHCHOH NJIEHKH KPUTHYECKOe
HanpsixKeHue ciaBura mosbiiaercs ¢ 12 mo 30 e/mm? Xapmep w
Kortpenn {12], uccnenyss BiausHue pasjHyHON 06pabOTKH MOBepX-
HOCTH Ha I[JacTHYeCKHe CBONCTBA MOHOKPHCTAJJIOB LHHKA, TaKXKe
NOJATBEepIUIH Hasnuuue 3¢pdekra ynpouHeHus, o6HapyxeHHoro Poc-
ko. OHH 1mOKasaJ/u, YTO 3JIEKTPOJHUTHUYECKH IMOJHPOBaHHBIE O0O6pas-
bl MMeJH KPHUTHUECKOE HaIpsiKeHHe CABUTA MPHOJIU3UTEIbHO
33 e/mm?, Torma Kak oO6pasibl, MPOTPaBJEHHbBIE B COJSHOH KHCJO-
Te U BbIAepXKaHHble B aTMocepe mapa B TedyeHHe OJHOTO daca,
UMeJNH KPHUTHYECKOe HampsikeHHe caBura no 65.2/mm2,

IIpu omeHke 3THX HAHHBIX HEOGXOAMMO YYHMTHIBaTh, YTO CTe-
NeHb MOBBIIEHHS] KPUTHYECKOTO HAMpPSXKEHHS COBHUra 3aBHCHT He
TOJIbKO OT 0COO0r0 COCTOSIHHSI MMOBEPXHOCTH, HO B 3HAYUTEJbHOH Me-
pe H or cmocoba OmpenesNeHHss KPHUTHYECKOTO HampsiKeHHs CIBU-
ra. Kputnueckoe HampsiKeHue CIBHUra OIpeeNsieTcsl I0-PasHOMY:
KaK HampsixkeHHe, NPH KOTOPOM OOHapyXKHBaeTcsi NepBOe 3aMerT-
HOe OTKJIOHEHHe OT YNPVIoro mnoBefleHHS (4TO B CHUJIbHOH CTeneHH
3aBHCHT OT TOYHOCTH H3MepeHMs JedopMaluu), KaK TOUKa Mepe-
CeyeHHs YNPYroro ydacTka M HAYaJbHOTO YYacTKa IJIaCTHYECKO#H
nedopMalnMH 'Ha KPHBOH <«HampsiKeHue — gedopMalus» MPH HN
NPOJOJIXKEHHH HJIH KAaK HalpsiXKeHHe NPH MPOHU3BOJIbHO BbIOpaHHOM
3HayeHHH JaedopmauuH, Kotopoe Moxer KosebGartbcsi ot 0,05 1o
0,5%.

HMcTHHHBII MeXaHH3M YNDOYHEHHS, CO3LaBaeMOro MOBEPXHOCT-
HOH INJIEHKOH, MOXKeT ObITb ONpeJesieH B 3aBHCHUMOCTH OT TOrO, Ka-
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Koe M3 ABYX HampsKeHHil — HanpsikenHe, BbI3blBalollee CKOJbXKe-
Hue, WJIH HampsiKeHHe, HEOOXOZUMOe IJs1 NPOJLOJKEHHS CKOJbXKe-
Husl, — Oyner Bo3pacTaTb. B OZHOM H3 NepBHIX HCCJENOBAaHHH
Xapnepa u Korrpeana [12], nocsimenHoro stomy Bompocy, Oblia
JeTajlbHO H3yueHa caMasl paHHfS CTaJusl MJacCTHYECKOTO TEeUeHHS;
OHA ONpeeNsiach Ha IBYX IPYyNNaXx MOHOKDPHCTAJIHYECKHX 06pas-
IOB: MOJIMPOBAHHBIX 3JIEKTPOJUTHYECKH M CJerka NpOoTpaBJeHHBIX
pa36aBiieHHOH COJISTHOH KHCJIOTOH N0 00pa3oBaHMs TOHKOH IOBepX-
HOCTHOH MJIeHKH. HanpsikeHue TeueHHS] U3MepSJIOCh NPH pacTsxKe-
gud Ha 0,05; 0,1; 0,5 u 1,0%. B pesyabraTe GblI0 MOKa3aHo, YTO
NpH CKOPOCTH HedopMauuu npubausuteabHo B 1072 cex™! naacru-
yeckas Aedopmanus o6pasunos 06eux Ipynn HauMHAeTCS NPH OLHOM
M TOM K€ KDPHTHUECKOM HAaNpsSKEHHH CABUIa M UYTO MOBBILIEHHS
MPOYHOCTH MPOTPaBJIEeHHBIX 06pa3loB He HabJIofaeTcss KO TeX IOp,
IOKa He OCYIIeCTBUTCSI HeKoTopasi IJacTHueckas jedopmauus.
Opmuako npu MmeHblIel .ckopoctd fedopmauun (107° cex™!) He Hab-
JII0JaJI0Ch HHKAaKOTO Pa3JjiIMyusl B IOBeJEeHHH NMOJHPOBAHHBIX U MPO-
TpaBJeHHbIX 06pasnoB. Orcioma Gbla cresaH BBIBOA, YTO GoJbllast
IPOYHOCTb NPOTPABJEHHBIX 06pa3LOB SBJASETCA pPe3yJbTaTOM IH-
HaMHyeckoro 3¢ deKTa, CBA3aHHOIO CKOpee C BEJHYHHOH H CKO-
POCTbIO MJIACTHYECKOTO TEYEHHsl, YeM C HampsikeHHeM, HeoOXomu-
MBIM [JI1 Hayaja Te4eHHs.

OnbIThl MO ONpENeNIeHHIO BJIHSHUS OKHUCHBIX IJIEHOK Ha BEJIHYH-
HY KPHTHYECKOr0 HampsiXKeHusi OblIM MPOBENEHbl TaKXe Ha MeTaJ-
Jax ¢ Jpyroil (HerekcaroHasJbHOH) KPHCTaJIJIMYECKOH CTPYKTYpOil.

akamypa [13] cpaBHHN KpHBble <«HanpsiKeHHe — nedopMauus»,
NoJIyyalouuecss AJasi MOHOKDHCTAJJIOB aJIOMHUHHUS, C OKHCHOMH IJIEH-
KON pasguuHoiéi TousuiuHbl. [loMuMO wm3MepeHuss medopMmaluH, OI-
pefensjach BeJHYHHA MaKpPOCKONHYECKOrO 3aKPYYHUBAHHUSL BOKpPYT
OCH pacTsKeHHs B Ipoliecce NJacTHUYecKoro pactsKeHus. OmbIThl
NPOBOAMJHCh HAa CIleLHaJbHOM HpHGOpE, MO3BOJSIOLIEM OCYLIECTB-
JSTb TaKOe 3aKpy4yHBaHHe. AHaJOrMYHOE 3aKpyYHBaHHE MOHOKpH-
CTa/JJINYeCKUX NPYTKOB Npou3BogMiaoch Takxke Ilakcronom u Kort-
tpesiom [14]. Pesyabrarel, mosydeHHble NPH HCOBITAHUSX ABYX
MOHOKDHCTAJ/IJIOB aJIIOMMHHS, nNpuBeneHnl Ha puc. 1. Tomuuna

o
OKHCHOTO MOKpHITHsI cocTaBasina 100 m 500 A (xpucrannbn A u B
coorBercTBeHHO). Kak coobumaer Takamypa, KpHTHYeCKoe MpHBe-
IeHHOe HaNpsi)KeHHe CABHra paBHSJIIOCh B 3THX ONbITax 76 M
174 e/mm? (Kak NOKa3aHO CTPEJKAMH Ha PHCYHKe).

B onbitax Takamypa OblIO yCTaHOBJNEHO, YTO 3aKpyuyHBaHHe
MOHOKDHCTaJI1a NMPOUCXOJUT B INpoLecce NJIACTHYECKOTO pacTsxKe-
HUSl M SIBJISIeTCS BeCbMa YYyBCTBHTEJIbHBIM II0KA3aTeJeM CKOJbXKe-
Hus. Ilpy MHKpocKonmMyeckoM HCCiaefOBaHMH o6pasua c GoJgee
TOJICTOH aHOJHOH MJIEHKOH IOJOCH CABHra He OGHApyKHBaJHUCh
BIJIOTb A0 Npefesa TeKy4ecTH, B TO BpPeMsl KaK 3aKpyuMBaHHe Ha-
YMHAJO0Ch TIPH ropas3no Gosee HU3KOM HampsiKeHud. [To Muenuio Ta-
KaMypa, 3TOT (aKT CIYXKHT YyOeIHTeJbHbIM 10Ka3aTeJbCTBOM TOTO,
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4TO CYOMHUKDOCKOIIMYECKOE TOHKOE CKOJIbXKEHHE OCYILIeCTBJISAETCS
ellle 3aJ0JIT0 0 AOCTHXKEHHs NpeJesia TEKYyYeCTH, OJHAKO NMPH 3TOM
OHMCJOKAaLHUH, NPUOJHKAIOUHECS K IIOBEPXHOCTH, 3alepXKHBAIOTCH
NOBEPXHOCTHOH nJeHKoH. C 3TOH TOYKH 3peHHs] 3a Mpenes TeKy-
JecTH TPHHHMAaeTcsl HanpskeHWe, NPH KOTOPOM IMOBEPXHOCTHAsS
MJIeHKa He MOXeT 6oJiee MPOTHBOCTOSITH JABJEHHIO 3aTOPMOXKEHHBIX
JMCJIOKal Ui,

Onemep u Yanmepc {15], usyuyas Biusinve maciira6Horo ax-
TOpa Ha AedOpMalHI0 aJIOMHUHHS, TaKXe ClesJald HEKOTOpble BhI-
BOZbI OTHOCHTEJNBHO BJIMSIHUSl OKHCHOI IJIEHKH. AHajM3 IMOJIyYeH-
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Puc 1. KpuBrle MaMeHeHHst yriia 3aKkpyyHBaHHs u jedbopMmanuu

CIBHTra B 3aBHCHMOCTH OT HAaMpsKeHHs, NOJyYeHHble IJS MOHO-

KDHCTaJ/VIOB aJlOMHWHHS C OKHOHOH INIeHKOH pasJuyHOi TO.1-
uHbL [13]

HBIX MMM JaHHBbIX JaeT BO3MOXHOCTb YCTAHOBHTb, YTO 3((eKTHB-
Hasi IPOYHOCTb TOHKOH OKHCHOH MJIEHKH NpPU CIBUre MPHOJHU3UTENb-
HO paBHA TeOPETHYECKOH MPOYHOCTH COBEPLIEHHOTrO TBEPAOrO TeJa.
Ouy nmpulllIM K BHIBOLY, YTO NMPHYMHOH BBICOKON MPOYHOCTH IJIEH-
KH sBJseTcss JU60 TOPMOXKEHHe [HUCJOKAIMH, MepeMellaolnuxcs
BHYTPH KpHCTaJsa, JUOO MOJAaBJeHHe MOBEPXHOCTHBIX HCTOUHHKOB.
CorsnacHo Xsnay [16], anst Toro utoGbl OPOTHBOCTOSITH [BUIKEHHIO
IAMCJIOKAlWi, OKHCHAsl MJIEHKa [OJKHA HMeTb OOJbLIMHA  MOAYJb
CABHra, YeM OCHOBHON MaTepHaj. DTHM MOXKHO OOBSICHHTL TOT
¢dakT, uro MacwtabHbli (hakTop OKasbiBaeT OoJibllee BJIHSHUE Ha
npenes TEKYYeCTH aJIOMHHUS U KaaMus {9] u MeHbllee Ha mMeab [17].
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Anpnpane u Tenpmepcon (18] ykasbiBalooT, YTO 3arpsi3HeHHe IO-
BEPXHOCTH MOHOKDHCTAJIJIOB cepebpa, MPOUCXOASILee NPH BbIAEPIK-
Ke ero Ha BO3AyXe NpHM KOMHATHOH TeMIlepaType, JIUIIb HECKOJbKO
NOBBILIAET BEJIHYHHY KPHUTHUYECKOTO HANps2KeHHs CIBHUTra, HO B TO
JXe BpeMs CYLIECTBEHHO CKa3blBaeTCsl Ha BeJIMYHHE YNPOYHEHHUS
nocje 3HauuTeslbHO OoJiee BBICOKOI CTeNneHH pedopMaLuH.

BuinsiHMe pasMYHBIX MeTaJJIHYeCKHX IJIEHOK, OCaXKJEHHBIX Ha
MNOBEPXHOCTH MeTaJ/IJIMYECKUX MOHOKDHCTAJJIOB, Ha BeJHYHHY KpH-
THYECKOTO HANpsIKEeHHSl COBHUra H3ydyasoch PSIIOM HCClefoBareJei.
Jluncerr u Kunr {19] ycraHoBHIH, YTO TOHKHE IJIEHKH 30JI0Ta IIO-
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Puc. 2. Kpusble 1edopmauun 06pa3ioB, BhIpe3aHHBIX H3 MO-
HOKpHcTasia xaamus [19]:

o
1 — o6pasubl, NOKpeITHie MJEHKOH 30J0Ta TOMIHHON 1200 A; 2 — OTOX-
XKeHHble 06pasubl

BHILIAIOT HaNpsi)KeHHe, NPH KOTOPOM HAYHHAeTCs MJacTHyecKas
JedopManyss MOHOKDHCTAJJIOB KajaMMs, NMpHMepHO Ha 259 1o
CPaBHEHHIO C KDHUTHYECKMM HAaNps’KeHHeM CABHra MJIsi MOHOKpH-
cramioB 6e3 mokpbiTHA. OHM MOKasasNH, YTO BeJIMUHHA HaMpsiKe-
HHSl HE H3MeHSeTCs C yBeJHYeHHeM TOJILMHBI IVIEHKM B Mpelenax

[+]

ot 1500 go 24000 A w uyto 3dexT BAMSAHHS IJIEHKH JHLIb He3Ha-
YHUTENbHO BO3PAaCTaeT NPH YBEJHYEHHH CKOPOCTH NedOopMalHd 10
BEeJIMYMHBI, MpeBbllIaollell OObYHYI0 CKOPOCTb neOopMaluu B Ye-
Thipe pasa, a uMeHHo A0 0,25 mm/mun. IlonyyeHHBle UMM 3Kche-
pUMeHTa/NbHble KpDHBble NpuBeleHbl Ha puc. 2. IlepBoHauasbHble
Yyl MeXJy 0cblo 00pasia H NJIOCKOCTbIO CIABHTa Yo M HampasJer
HMeM CIBHra Ao COOTBETCTBEHHO paBHHl 14,5 u 15°

Inaman u Pup {20] ycraHoBusM, 4TO MemHble MNJIEHKH, HaHe-
CeHHble TajlbBAHHYECKHM IyTeM, CMeIlaloT BBepX KpHBbIE pacTs-
KeHHs1 MOHOKPHCTAaJJOB LHMHKA, CBUHLUA M 0JIOBa, DTO CMeLIleHHe
HACTOJIbKO BEJIMKO, YTO €ro Hesb3sl OOBSCHHTb TOJBKO IIPOYHOCTBHIO
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Menu. PasHuila MeXIy KPHUBBIMH DacTsiXKeHHs NpPH CPeIHHX CTe-

nensx pedpopmauuit (mopsinka 109%) Oosblie, yeM @pH  MaJbIX.

AHaslornyHbBle pe3yJ/bTaThl OBIIHM MOJYYeHbl LJISi MEIHOro, HHKeJe-

BOTrO, 30JI0TOTO H LHMHKOBOT'O TaJibBAHHYECKHX MOKDBITHH, TOJIIH-
o

Hoit or 700 mo 6000 A. Crenedb BJUSIHMSL MEJHOTO rajbBaHHYECKO-
ro MOKPHITHSI ONpeJeNIeHHOH TOJIHHBl Ha KPUTHYECKOe Hampsixke-
HHUe CABMTra KoJebjercss B 3aBHCHMOCTH OT ODHEHTALHMH MOHOKpPH-
crannoB (puc. 3). B aroit pab6oTe Hab/a104al0Ch TaKXKe M3MEHEHHE
KPUTHUYECKOTO HaNpsXKeHHs, HeoOXOAMMOro MJisi JABOHHHKOBAHHS.
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Puc. 3. HMameHneHwe KPHUTHYEOKONO HAMpSIKEHHS MOHOKDH-
CTa//IOB UWHKA, MOKPHITBIX MeIHOH MJEHKOH, B 3aBHCHMO-
CTH OT OpHEeHTaluH MoHOKpucTamia [20]:

"p — KDHTHUECKOe HaNpsKeHHe CABHIa MOHOKDHCTalla ¢ NJIeHKOi;
T, — KDHTHYeCKOe HanpsiKeHHe CIABHra MOHOKDHCTa/Ia C YHCTOH
noBepxHocTbi0; A — nepopMauys OCYILUECTBJsIeTCS NyTeM ABOHHHU-

KoBaHHs; b5 — medopMallisi OCYLUECTBJSETCA NYTeM  CKOJIbXEHHS;
o

1 — Memnas nieHka TosUHHON 900 A; 2 -~ MedHas mNJEeHKa TOJILM-
o
HoO#it 3300 A

Tunman {4] cpaBHUJ KpHUBBIE PacTAXKeHHs, IoJyyarouecs [IJs
MOHOKDHCTAJIJ1a LHHKA, NMOKPLITOrO MeNHOH IJIEeHKO!H, U MOHOKDH-
CTajjla ¢ YHCTOH NMOBEPXHOCTbIO (MOJYyYEHHOH TPaBJIE€HHEM B COJIS-
HOIl KHCJIOTE) W CHesaJ IPH 3TOM HECKOJIbKO HHble BbIBOIAbI. AHa-
JIU3UPYsI KDUBbIE, MOAOOHbIE KPUBBIM, NPHUBEIEHHBIM Ha pHC. 4, oH
YCTaHOBHJI, YTO Melb JUOO He OKa3blBaeT HUKAKOro BJHSIHHSA, JHGO
He3HAYUTEJbHO HM3MeHseT Haya/jbHOe HaNpsiKeHHe, BbI3bIBalolllee
TeyeHHe MOHOKPHCTAJJIA ¢ MOKPBITHEM, HO 4TO HayajbHAasi CKOPOCTb
YIOPOUHEHHS] y 3TOro KpHCTa/sa Bblllle, Y4eM y MOHOKpDHCTajjia C
YHCTOH NOBepXHOCThbIO. I10 ero MHeHHIO, TOT (haKT, YTO MOBEPXHO-
CTHBle IJIEHKH HE3HAYHTEJbHO BJHSIOT Ha KPHUTHYECKOE HampsKe-
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HUE TeYeHHs] MOHOKPHCTAJJIOB, CBHAETeJbCTBYET O TOM, UTO IlJIEH-
KW He BbIJEPXKHBAIOT MOJIHOH HarpyskH. '

Fapcron, XouukomMG u [pursm [21] ucciaenoBanu BausiHue 60-
Jlee TOJICTBIX METaJIJIMYeCKHX IJIEHOK (OCaXKAEHHBbIX 3JIEKTPOJHTH-
YeCKHM MyTeM), YeM Te, KOTOpble H3yda anman OHu ycraHOBH-

JIM, 4TO HHKeJeBOoe MOKpbiTHe TojiuHoit 10 000 A ue Bamster Ha
MPOYHOCTHBIE XapAaKTEPUCTHKH MOHOKPHCTAJJIOB MeIH, HO 4TO IpH
o

HAaHeCEeHHH [OMOJHHTENBHOTO cJ0os XpoMa Tosuusoir 10 000 A
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Puc. 4. Kpusble nedopMannmy MOHOKDHCTaNIa HHHKA, TOKDHI-
o

TONO MeIHOH MWeHkoi ToamuHoit 1000 A (/) ¥ MOHOKpHCTaUT-
Jia ¢ YHCTOH IOBePXHOCTbIO, I[TOUIy4eHHOH TpaBJeHueM (2);
Xo = ho = 54° numameTp MOHOKpMCTawIa 4 mm [4]

NPOUCXOZUT 3aMeTHOe YyBeJHUeHHe KPHTHYECKOIO HampsiKeHHs
CIBHMIa H MCUE3HOBeHHE 1-rO yyacTKa Ha KDPHUBOH <«HampsiKeHue —
nedpopmauus» (puc. 5). TonmuHa nieHKH B 3TOM ciydae Oblia 3Ha-
yygTeNbHO GOJIblE, YeM B paHee PacCMOTPEHHBIX paGoTax.

HenasHo GbLTH BEIMOJIHEHB! 1BA HOBbIX HCCJIelOBaHHUsl, B KOTO-
PBIX M3y4YaJIOCh BJIMSIHHE METAaJIIHYeCKUX MOBEPXHOCTHBIX IIJIEHOK
Ha KPUTHYECKOe HaMpsiKeHHe cABMra. B oriMuue oT mpenpiaymiux
MccIe0BaHui, B 3Tol paboTe o6paslbl HarpeBaJHCh INepei HCIb-
TaHHeM [Jisi TOro, 4roObl BBHI3BAaTb 3aMeTHYI AUGPY3HI0 MexKIy
MJIEHKO# W OCHOBHBIM METAJJIOM; IIO3TOMY Ha UX MOBEPXHOCTH HJIH
B HENocpeiCTBEeHHOH 6JIH30CTH 00pa30BbIBAJICS JIETHPOBAHHBIN CJIOM.

B pa6ore Posu {22] MoHOKpHCTaMJBl MenH, MOKPLIThIE CJOEM
cepe6pa rtomuuuoit 4 X 107* cm, noaseprasuch crneuyaJbHOR Tep-
MHUYecKoii 06paboTKe C LeJbl0 CO34aHHUS MOBEPXHOCTHOTIO JIEHPO-
BaHHOro cJyos nyreM nuddysuu. Ilpu MeransnorpacduyeckoMm Hc-
cjlefoBaHUM Obll 0OHApyXKeH NOBEPXHOCTHHIH JIErMPOBaHHBIH CJIOH
TosinHON 3 X 1072 ¢mM, 4TO COCTaBJAJO OYeHb HE3HAYUTENbHYIO
JOJII0 OT JuaMerpa MOHOKpHucrasnna (~9,5 mm). [laHHble, noay-
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yeHHble P03H, CBHIETEJBCTBYIOT O TOM, YTO KPHTHYeCKOe Hamps-
JKeHHe CJBHMra, BHI3BIBAIOLlee HAyaso MNJIACTHYECKOTO TEYeHHs, He
MeHsieTCsl B IPHCYTCTBHHM CepeGpSIHOro TraJbBaHHYECKOTO MOKPbI-
THs, HO 3HaYHTeJbHO Bo3pacrtaer (mpumepHo Ha 500 ) B cayuae
1udoysun cepebpa U3 MJIEHKH B MOHOKPHCTaJJ Menu ¢ o6pasoBa-
HHEM Ha moBepXHOcTH ciosi csiaBa Cu — Ag. Tlepsoiit BeiBox Po-
3M mMOATBepknaer maHHwle I'apcrona, Xowukom6a u [purama [21],
BTOPOH — CBHETeNbCTBYET B

IIOJIb3Yy €ro INpeAIoJIo2KEeHHsT O
TOM, 4YTO '‘HA4aJIO IIJIACTHYECKOTIO 7
TeYyeHUA B MeTaJJHYeCKHX MOHO-
KpUcTaniax  OGYCJOBJIHBAETCA ~ 4
AACIOKALHAMHA, HAXOAALIUMHUCAH §
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Puc. 6, Kpusble jedopMauun MoHO-
KPHCTAVIWIOB Me@OH C :pasmmnﬂoﬁ odp,a-
6oTkoit moBepxHocTH [22]:

I — nocne TpaBAeHMsT B a30THOH KucjoTe
(22,1 2/mm?); 2—mocie NOKPBITHA MJIEHKON

—4 .
cepe6pa TonwMHop 4 X 10 cm (21,8 e/mm’);

Puc. 5. BamsiHHe [OBEPXHOCTHOIO
TTOKDBITHA  HA 06JacTh  JenKoro
CKOJIbXKEHHST 'y aHa/JODUYHO OpPHEHTH-
POBaHHBIX MOHOKDHCTAJ/WIOB MEIH

1 -- MOHOK ang H i oBepx-
HOCTBIO; 2 —D"h%HngHCCT:n;T% nvngxcngﬁ. g — mocae JIerHpOBaHHS cepeGpoM
HbIM HHKENbXPOMOBBIM NOKDBITHEM (18,5 2/mm?); 4 — MOHOKDHCTAJ CNIABA
Meaun c cepe6pom (0,5% Ag, 17.8 2/mm?)

Ha TOBEPXHOCTH MOHOKPHCTaJJa, a He JUCJIOKaLHsIMH, pacroJaral-
IMMUCA HAa BHYTPEHHUX IOBEPXHOCTAX (TaKWX, KaK MaJsoyrJoBbie
rpaHHLBbl).

Ha ocHoBaHMM MOJYYEHHBIX HaHHBIX Po3u mnpeamosioxkui, yTo
MOBBbIIIEHHe KPUTHUECKOrO HANMpsXKeHHS NpH HaJM4YMH JIeTHPOBaH-
HOTO CJIOSl, BepOsTHee BCEro, CBSI3aHO C MpelJioXeHHbIM Kotrtpei-
JIOM MeXaHM3MOM 3aKpeIJIeHHs] IIOBEPXHOCTHBIX NMCJIOKAUM# Iup-
¢pysaupylomuMu aromaMu cepebpa. Ilo xpuBbiM Jedopmanuu
(puc. 6) MOXKHO CyIHTb O TOM, YTO MOHOKPHCTa/J CIlJIaBa MeIH
c 0,5% Ag, BbIpallleHHBI/l B TeX XKe YCJIOBHAX H HMMEIOIHH TaKylo
’Ke ODHMEHTALHIO, YTO M MOHOKDHCTAJIbl MeliH, o6sajaer mpuMmep-
HO TAKHM K€ BBICOKHM KDHUTHYECKHM HaNpsXeHHeM CIBHra, Kak H
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MOHOKDHCTaJJ MeJH, HMEIOUIHMi NOBEPXHOCTHBIH  JIETHPOBAHHBIH
caoft, mosydyeHHbli mpu aucbGy3un cepebpa.

Anamc [23] Takxe MOATBEPIAMJ BaXKHOe 3HaYEHHe MOBEPXHOCT-
HBIX HCTOYHHKOB JIHCJOKauuii. MOHOKpPHCTaJJIbl MENAH C PasJHYHOH
KOHLEHTpallhell LMHKAa B IIOBEDXHOCTHOM CJIO€ HCIBITHIBAJHCh Ha
pacTspKeHue. Y MOHOKPHCTAJJIOB C HEBBICOKHM CONEpXKaHHeM LHH-
Ka B NOBEPXHOCTHOM CJIoe TIlocjie HeOOoJIbIIOH MNpelBapHUTeNbHOH
nedopMauuu 1 orxura npu 200° C nabionanach mJollagKa Teky-
YecTH, B TO BpeMsl KaK Yy MOHOKDHCTaJ/JIOB ¢ OOJBUIMM cojepKa-
HHEeM IHHKa B IMOBEPXHOCTHOM CJIoe IJIOLlafKka TeKY4YecTH OTCYT-
ctBoBaJia. [IpenBapurenbHas nedopMalysi OKa3biBaeT BJHSHHE Ha
XapakTep TeYeHHs] MOHOKDHCTAJJIOB KaK C BBICOKMM, TaK M C HHU3-
KHM coJlepXKaHHeM LHHKa B NMOBEPXHOCTHOM ciyoe. MsBectHo, uTO
yycras Melb He HMeeT IJIOLLaJKH TeKyueCTH; yBeJHYeHHe COLep-
JKaHUs I1MHKa IOBbIIIAeT KPUTHYECKOe MpPHUBEJeHHOe HampsiKeHHe
cosura. [lo Mepe yBeJqHYeHHsI COLEepXkKaHHS LHUHKAa B INOBEPXHOCT-
HOM cJloe, HampsixKeHHe, HeoOXOAUMOe [Jis aKTHBAlMH MOBEPXHOCT-
HBIX HCTOYHHKOB MIHCJIOKAlLlMi, TakXe yBeaunuuBaercss [23]. Ilio-
IlaJKa TEKyYyecTH Hcye3aeT, Korja ColeplKaHHe LHMHKA JOCTHraer
TAKOH BEeJHMYMHBI, UTO HaNpspKeHHe, HeOOXONMMOe [Jisi aKTHBALHH
HCTOYIIMKOB [HCJOKAUMil BHYTPU KPHUCTaJJa, CTAHOBHTCS MEHbIle
HanpsixkeHusi, HeOOXONHMOTO JJUIf A4KTHBALMH IOBEPXHOCTHBIX
MCTOYHUKOB. [103TOMY B MOHOKpHCTa/NJaX ¢ BBICOKMM COjepKaHueM
LIUHKA B MOBEPXHOCTHOM CJjioe IJIOLlAafiKa TEKYyYeCTH He BbISIBJISIET-
cs; B 3TOM CJyyae JeHCTBHEe MNOBEPXHOCTHBIX HCTGYHHKOB IHCJIO-
Kalluil MoxkeT ObITb MONABJEHO YNPOYHEHHEM 3a CYET JIETHPO-
BaHUS.

lanible 0 BeJHYHHE KPHTHUYECKOrO HAMpSIXKEHHsl CIBHUra, MOJy-
yennble Axamcom [23], mokaseBalT, YTO HeGOJIbIIOE JIETHPOBAaHHE
NOBEPXHOCTH MOHOKDHCTAJIJIOB MEeOH LHUHKOM OKashiBaeT GoJee
5(¢(}eKTUBHOe JefiCTBUE B OTHOIUEHUHM UX YIPOUHEHHS, YeM JieTH-
poBaHHe OGOJBLIMMU KOJHYECTBAMH IHUHKA.

Kpurtnueckoe HanpsiKeHHe CABHIra MOHOKDHCTa/J/la Meld B 3a-
CHMOCTH OT COJEpXKAaHHA LMHKA B IOBEDXHOCTHOM JIETHPOBAHHOM
choe [23] u3mensietTcs Tak:

Kpurnueckoe mnpusemennoe  CofmepaHHe LHHKAa B TO-

HanpskeHHe CHBHTa, 2/MM? BEPXHOCTHOM cJoe, %
56,5 0
75 0,33
101 1
149 8
136 12

HecMoTpst Ha HekoTOpblii pas6poc MoJydYeHHLIX HaHHBIX, HA6-
JIIONIaeTCsl OTUET/IMBO BblpaXKe€HHAss TeHAEHUHsI K De3KOMY BO3pacra-
{IMI0 KPDHTHYECKOTO HANpPSIKEHHS CABHra C YBEJHYEHHEM KOHIEH-
TpauMu LHHKA. Tak, KpUTHYECKOe HaMNpsiXKeHHe CHBHra YBeJIHYH-
Baercsl B cpenHeM ¢ 50—60 e/mm? nast uucroit Menu mo 100 e/mm2
TpH  yBeJUYEHUH COLEPKaHHsl IUHKA B I[I0BEPXHOCTHOM CJO€
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oo 1%. 3areM KpUTHUYECKOE HANpsiXKEHHe CABMUra MOBLIIIAETCS 3Ha-
YHTEJbHO MeJJIeHHee W JocTuraer juiib 150 e/mm? mpu yBenuye-
HHH KOHIEHTPAalUH LHHKAa B NMOBepXHOCTHOM cyoe o 8Y%. Amamc
[23] cuuraer, yTO ynpoyHeHHe MOHOKPHCTAJJIOB, B KOTOPBIX meHCT-
BYIOT MOBEPXHOCTHble MCTOUHHKH NMCJIOKAIUH, CO3LaeTcss Hemocpen-
CTBEHHO 3a cyeT LMHKa. [IMHK npensitcTByeT mpolleccy o6pasoBa-
HMSl NHMCJIOKALHOHHBIX INeTeJb B IOBEPXHOCTHOM JIETHDOBAHHOM
cioe. B coyuae, xorga BHYTpEeHHHE NOBEPXHOCTHble HCTOYHHKH
JHCJIOKALMHA CTAaHOBATCS AKTUBHBIMH, IIMHK KOCBEHHO BJIMSIeT Ha
YOPOYHEHHe NOBEPXHOCTHOIO CJIOSI: JIETHPOBAaHHAsl NMOBEPXHOCTb He
Meulaer npolleccy o6pasoBalusi MeTeNb NHCJAOKalUH, a TOJBKO
NpPenATCTBYeT HX BBIXOAY IOCJE€ TOTO, KaK OHH y¥XKe 06pa3oBajiCh.
B 3TOoM canyyae JserupoBaHHasi NMOBEPXHOCTb He sSIBJSIETCSl OUYeHb
3b(eKTUBEBIM ynpouyHuTeseM. [loBepXHOCTHBIH cJofi MoOXKeT 3a-
IepxaTb MEPBYIO METNI0, OfHAaKo, corjacHo Korrpesany 8], npyrue
netiy OyILyT CKAaNJUBATbCSl MO33aAM HEro, IOBBILIAS IlanpsiKeHHe
y NnepBOH HETIM BO CTOJIBKO Pa3s, CKOJIBKO IHCJIOKALUH CONEpIKHT-
cs B 3aTOPMOXKEHHOH rpymmne, H 3P¢peKT ynpouHeHHs NMOBEPXHOCTH
nepeKphiBAaeTCsl COBMECTHBIM MHeHCTBHEM 3THX. meTejb. [loaTomy,
€CJIM TOBEPXHOCTHblE HCTOYHHKH BBOe 3¢ ¢eKTHBHee BHYTPEHIIHX,
TO KPHUTHYECKOe HaNpsiKeHHe CIABHra [Jsi MeJH MOXKeT BHauyaJle
GbICTPO NMOBBICHTLCS O BEJHYHHBI, NpeBbILIAIONIEH BIBOE IE€pBOHA-
yajbHOE 3HAYeHWHEe, a 3aTeM JHLIb MeJJEeHHO BO3pacTaTh N0 Mepe
NaJbHEHUIEro yBeJIMYEHHUs] COLepIKaHHs LHHKA.

YaaneHde MOBEPXHOCTHOTO CJIOSI C HEBBICOKHM COJepKaHHEM
IIMHKA 3HAYHTEJIbHO CHHXKAeT NPOYHOCTb W BhI3bIBAET HCYE3HOBe-
HHe IJIoIlajKH TeKydyecTH. KpoMe TOro, MOHOKpHCTaJ/JIbl C MOBEpPX-
HOCTbIO, JIETWPOBAHHON IIMHKOM, JOJ:KHbl HMETb TaKOe XKe KPHUTH-
Yeckoe HamnpsiXKeHHe CIBHra Kak M ONHODOJHblE MOHOKPHCTAJJIbI
Q-JIATYHH, C TEM K€ COJepKaHHeM LUHHKA, YTO U B JIETHPOBAHHOM
MOBepPXHOCTHOM cJioe. IIpu mpoBegeHHH Takoro cpaBHeHHs Anpamc
[23] mosyums YyIOOBJETBOPHTENbHOE COBNAJeHHe 3HAYEHHH KPUTH-
YeCKOTO HampsiXKeHUsi CABHUra.

Kpuruueckoe Hanpsscerue O080UHUKOBANHUSA
8 METAAAUYECKUX MOHOKPUCTAANAX

Jlnsi MOHOKDHCTAJJIOB KaJAMHsl, KaK M JJIsS MOHOKPHUCTAJJIOB
LHHKA, HAO/MI0NaJ0Ch BJIHMSHHE NMOBEPXHOCTHOH INIEHKH Ha Ipolece
nBoiHUKoBaHus, Hanpumep, T'maman [24] manocun MeTomoM sJek-
TPOJIHTHYECKOTO OCAX/IEHHsS MOJHKPHCTA/IHYECKYIO IJIEHKY MelH

tonuHoil ~4000—5000 A Ha mpexBapHTENbHO OYHLIEHHYIO (mOc-
jge norpyxenus Ha 5 mun. B 10%-upiit pacrBop HCI) nosepx-
HOCTb MOHOKPHCTa/JIa IHMHKA. DTO 3aMeTHO YBEJHYHBAJIO KPHUTH-
yeckoe HanpsixkeHue, He0OXOAMMOe [Jifi BO3HUKHOBEHHsI [BOMHHKO-
BaHHSl B MOHOKDMCTaJJlaX, OPHEHTHPOBAHHBIX TAaKUM 06pa3oM, UTO
nepBoHauanbHasi AedoOpMalMs INyTeM CABUra SBJSETCH HHYTOXK-
HOH. YBe/JHYeHHe HaMNpsiKeHHs, HEOOXOAMMOro IJsi BO3HHKHOBEHHs
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ZIBOHHHKOBAHMS NPH paCTSAXKEHHH, Kosne6asoch MNPUGIU3UTENBHO B
npemenax or 40 mo 100%. Tmaman YKa3bIBaeT, uTO 3TO sBJeEHHe
BpAJ JIH CBSI3aHO TOJIBKO C MEXaHHYECKOH MPOYHOCTBIO MEJH, MO-
CKOJIbKY HamnpsXKeHHE, BO3HHKalOLlee B IUIEHKe MPH HarpyKeHHH,
cocraBasier ~ 1500 xe/cm?, Torma Kak mpejes NPOYHOCTH YHCTOH
Menu KoseGaercsi OObBIYHO B Ipejiesax oKoJo 23 ke/mm?, a
mpefiesl  TEKY4eCTH elle 3HauyuTeJbHO HHXKe. Beposrho, aror
3((exT BbI3BaH B3aMMOJEHCTBHEM MeXIy LHUHKOM M MEILHOH IUIeH-
KOit. I'MIMaH NpeLnoJIOXKHII, YTO o6Hapy)KreHHoe SIBJIEHHE MOXKHO
0GBICHATb C MO3HIMI IMCJIOKALHOHHOH TEOPHUH [BOHHHKOBAHHS,
npenjoxennoit Korrpessnom un Bunbu [25].

Kunr (26] mosyuus aHasOrHyHble pe3yJabTaTbl NPH H3YUEHHH
BJHSHHS COCTOSIHHSI MOBEPXHOCTH Ha XapaKTep IBOHHHKOBAHHA B
MOHOKpHCTa/ax KaaMusi. OqHako B 3TOM c/yyae INOBEPXHOCTHas
MJeHKa cocTosiia M3 OKucH nu6o ruppookucH. OH Habawogan yse-
JIMueHHe OTHOUIEHHS HampsKeHHs, He0OXOMUMOro /51 BO3HHKHOBe-
HHMS JBOMHHUKOBAHHS B OKHCJIEHHOM o6paslle, K HampsXKEeHHIO, He-
06X0AUMOMY IS BOSHUKHOBEHHSI IBOHHUKOBAHHMS B HEOKHCJIEHHO
YyacTH TOro K€ MOHOKpHCTasya (OTHOLIEHHe HaNpsiXKeHHH NBOH-
nukoBaHus). OpHeHTAlNsi MOHOKPHCTAJJIOB H3MEHsJach B TaKHX
npenesnax, 4ytoObl mjactuyeckass nedopMaliMs NMYyTEM CKOJbXKEHHS
He MOIJa B HHX OCYLIECTBHTbCS HO HauaJja Ipolecca IBOHHHKO-
Banusi. OTHOLIEHHe HampsKeHHH NBOMHUKOBAHHS IOBBIIIAJIOCH II0
Mepe YBeJHYEHHUs] IJIUTEJbHOCTH OKHCJIEHHST W CTPEMHJIOCH K Ipe-
nenbHomy sHauenuio (30%). OTHolleHHe HampsXKEHHH IBOHHHKO-
BaHHUs y 006pasloB, MOKDPHITHIX T'MAPOOKHCHOH INJIEHKOH, HaHeCeHHOH
3JIEKTPOJUTHYECKHM INyTeM, yBejuuujoch no 50%. YmaneHue mo-
BEPXHOCTHOTO CJIOSl B KaXIOM CJydae CHHXKAJIO Halpsi:KeHHe ABOM-
HUKOBAHHUS 10 NePBOHAYAJbHOrO 3HAYEHHMS.

Bonee merasnbHOe HcCIefOBaHHe BJIMSHHS MeNHOH IJIEHKH Ha
XapakTep NBOMHMKOBAHHS MOHOKDHCTAJJIOB LHMHKa OblIO NpoBene-
Ho I'mnmanom u Pupom (20]. Hac™iyHo 3TH naHHBle NMpPeNCTaBJIEHbI
Ha puc. 3. OHM WJJIIOCTPHPYIOT BJIMSIHME OPHEHTALHH Ha OTHOLIe-
HHEe KDHTHYECKOrO0 Hamnpsi)KeHHs JBOHHHKOBAHHS [IJsi MOHOKpH-
CTalja ¢ HOKPbITHEM K KPHUTHYECKOMY HANpSIKEHHIO BOMHHKOBA-
HHUSl [JI1 MOHOKDHCTaJJla C YHUCTOH MOBEPXHOCTbIO. YCTaHOBJIEHO,
KpOMe TOro, YTO MeJHas MJIeHKa H3MeHseT BHUJ I0JIOC IBOMHHKO-
BaHHs, 00pasyloLIUXCs B MOHOKDHCTaJJax UUHKA. B o6pasuax
MOHOKDHCTaJ/lJ1a C YUCTOH NOBEPXHOCThIO HabJjionanuch Gojiee MIM-
pPOKHE TNOJIOCHl IBOMHMKOBaHHS, YeM B o0paslax ¢ IOKPBLITHEM.
I'mnman m Pup cuutaloT, 4To pasHMLa B LIMPHHE MOJOC JBOMHM-
KOBaHHSl MOXET OTpaXaTb HeNOCPeJCTBEHHOe BJIMSIHHE MeLHOMH
IJIEHKH Ha pocT ABOHMHHMKOB. C [pyroil CTOPOHBI, MJIEHKA MOXKET
BJIMATb TOJbKO Ha 3apOXKJeHHe MOJIOC JBOMHHKOBAHHS, a pasHHIA
B HX TOJILMHe O0OYyCJOBJEHAa TeM, YTO GOJBUIHHCTBO [BOMHHKOB B
TOH 4YaCTH MOHOKpDHCTAJ//1a, TIe HMeeTcs TOKphITHE, 0Gpasyercs
npu 6oJsiee BEICOKOM HAMpsDKEHUH, YeM JBOMHHKH, BO3HHKAIOLLHe B
yactd ofpaslla C YHCTOH IOBEPXHOCTHIO.
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BausHue naeHok Ha opmy kpusot
Hanpaxcerue — deopmayus

Aunpane u Tennepcon {18] oTmeualoT, YTO OKHCHasi IMJIEHKa,
MOBHIIIAsl 1O HEKOTOPOil CTEeNeHH KPHUTHUECKOe Hamnpsi)KeHHe CHBH-
ra MOHOKpHCTaJJa cepe6pa, OKa3blBaeT 3HauUTeNbHO 0oJiee CHJIb-
Hoe BO3IeHCTBHE IOC/]e TOro, Kak obpasel NaacTHYecKH AedopMu-
poBajicsi (myTeM CKOJIbXKEHHs]) Ha HEeCKOJbKO MNeCATKOB MpPOLEH-
TOB. B omHOM XapakTepHOM cJydae BJHSHHE OY€Hb TOHKOH OKHC-
HOM NIJIeHKH Ha JedhopMalMOHHOE yNPOYHEHHE MOHOKDHCTAaJj1a OKa-
3aJ0Ch CTOJb GosbliuM, 4yTo nocie pedopmaumuu 20% npouHoCTb
MOHOKpHCTaJj1a noBbicuaach B 10 pas, no cpaBHEHHIO C NPOYHOCTHIO
MOHOKPHCTaJ1a C YHCTOH MOBEepXHOCTblO. [[iMHA MepBOro yyacrka
Ha KpUBOH AedopMalMH TakKe yMeHbLIHJIACH.

Tuaman u Pun {20] ykaswiBaloT, 4TO pasHHLa MeX1y Hamps-
JEHHUSIMH CABUra JIJIsl YHCTOH M NOKPBITOH MeJbl0 YacCTSIMH MOHO-
KpHCTa/Ja LHHKA [oJydaercss OObIYHO NPH KPUTHYECKOM Hamps-
JKeHHHM CIBHTra MeHblle, yeMm nocje yanuHeHus Ha 10%. Jlannbe
HX MCIBITAHHH JJs JBYX CEDHH MOHOKDHCTAJJIOB INpUBENEHBbl Ha
puc. 7. IlepBoHauanbHass cKOPOCTb JAe(OPMaLMOHHOIO YHPOYHEHHS
y MOHOKPHCTaJJla C NMOKPLITHEM BbIllle, YeM Yy MOHOKpDHCTa/lla C
YHCTOH noBepxHOCTbIO (pHc. 7, a). Ilpu Gosapluux creneHsix gedop-
MalH{ CKOPOCTb YNIPOYHEHHS] MOHOKPHCTaJJa C MOKPBITHEM YMEHb-
IaeTcsl U 3aTeM B 3HAUUTEJbHOM HHTepBaJje nedopmauuii obe Kpu-
Bble HAYT NOYTH NapaJjjeabHo Apyr Apyry. IlyteMm cooTBeTcTBYIO-
wero aHaausa ['mnaman {4] nmokasaj, 4TO TOHKHE NJIEHKH NMPH OObIU-
IIBIX YCJIOBHAX HaHECeHHs NOKPHITHS He HAMHOro NpPOYHee OCHOB-
HOro Martepuana. JlOMyCTHB, YTO MeXaHHYeCKass NPOYHOCTb CaMOM
IJIEHKY O6YCJ/IOBJAMBAET Pa3HUIY B MNPOYHOCTH IBYX MOHOKDHCTAJI-
J0oB, 'maMaH mnokasaJ, UTO OJiT 3TOr0 MNJeHKa HoJXKHa Oblja Obl
BLIJEPKHUBATh HamnpsKeHHe, npesoimaoouee B 20 pa3 HOpMaJbHBIN
npenen TekyyecTH Mexd. OH TNpOBepHUJ NPOYHOCTb OCAMKJEHHBIX
MONMKPUCTAJJIHYECKHX IJIEHOK M HallleJ, 4YTO OHH He HaMHOTO
npouHee OCHOBHOro MartepHasna. OueBHIHO, YNpouHsIOLlee BJIHSHHE
NJeHKH O06YyCJOBJHBAaeTCS B3aHMOJEHCTBHEM MeXIY IJIEHKOH U
MOHOKDHCTAJJIOM, KaK yKasdbiBasoch panee {l].

Mo mHenuto ['mamana [4], 5TO B3aHMOIEHCTBHE 3aKJIOYaeTCs
B TOM, YTO NJeHKa MNpensiTCTByeT [BMIKEHHUI0 NHUCJIOKalHUil, B pe-
3yJbTaTe Yero CO3LaIOTCS 3aTOPMOXKEHHble TpYNNbl. ITO MNpH-
BOAHUT K BO3HUKHOBEHHMIO BHYTDEHHEro Halpsi)KeHHs 00paTHOTrO
3HaKa, JeHCTBYIOILEro Ha UCTOYHHKH OHCJIOKALlUH, KOTOPOE HECKOJIb-
KO yMeHblllaeT BJHSIHHE INPHJIOXKEHHOro HanpsixkeHus. IlpunoxeH-
HOe HamnpsiKeHHe JOJIXKHO BO3pacTaTb C yBeJHUYEHHeM CTeleHH Je-
¢opMalui, KOTOpPOe NPOHCXOIUT CO CKOPOCThIO HECKOJNbKO GoJblie
OGbIYHOMH, U 0O TeX Inop, MoKa 3a0JOKUPOBAHHBlE [IHCJAOKALHH He
NPOHAYT yepe3 NMOBEPXHOCTHYIO MJeHKY. K 3TOMy MOMeHTy co3naer-
Csl YCTOHYHBOE COCTOSTHHE, KOTla CKOPOCTb TPOXOXKIEHHS IHUCJIOKa-
LIu# yepe3 IJIEHKY PaBHSIETCS CKOPOCTH MX INlepeMellleHHss BHYTPH
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MOHOKpHCTa//ia K [OBEPXHOCTH. B pe3ysibTaTe MOHOKDHUCTAJIIH ¢
MIOKDPBITHEM YNpPOYHSIOTCS NpPH GoJiee BBICOKOM HANpPSIXKEHHH, yeM
MOHOKDPHCTAJMJIBI C YHCTOH ITOBEPXHOCTBIO.

B omeitax I'mamana u Puna {20] moBepxHOCTHAast MenHasi IJeH-
Ka He OTCJaWBajachb OT NOBEDXHOCTH MOHOKpHCTaJJa Haxe IMocC-
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Puc. 7. KipuBble pacnsikeHns MOHOKPHCTa/IoB wmhka [20]:

I — MOHOKDHCTA/Jl C YHCTOH NOBEPXHOCTbIO; 2 — MOHOKPHCTAJLI

C IMOBEPXHOCTHON MepnHON TmJIeHKOH ToauuHO# 900 X; 3 - Mouco»
KPHCTAJI1 C IMOBEPXHOCTHOH MeNHON NJIeHKOH ToJIuHOH 750 A

Je ypnuHeHust ero Ha 209, mo-BHAMMOMY, OHa NJacCTHYECKH [e-
¢opmupoBasace 6e3 pa3pylIeHHS.

BnusiHue opueHTallMM MOHOKPHCTAJJOB Ha (OpPMY KPHBOH He-
¢opmanuu CTaHOBHUTCS SICHBIM IIpH CpaBHeHHU puc. 7,a (¥o = 40°
M =44°) mu 7,6. MOHOKpPHCTAJJB, Y KOTOPHIX VYIBl %o H
Ao paBHBl 13 u 19° coorBercTBeHHO (pHuc. 7, 6), NepBOHAYaJbHO
NeOpMHUPOBATIUCh NYTEM CKOJIbXKEHHs, a 3aTeM, KOrja B pe3yJb-
TaTe II0BOpPOTa MJOCKOCTeHl Ga3uca ) YMEHBIIWJCS, OHH CTaJH Je-
(¢bopMHpOBaTLCS NMyTeM NBOHHMKOBaHHS. DTO Ha6J/i01ajoCh BHaya-
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Jie B HEMOKDBITHIX MJIEHKOH YacTSX MOHOKPHCTaJJia M IpPHBEJO K
YBEJIMUEHHIO CKOPOCTH YNPOUHEHHs, B Pe3yJbTaTe 4Uero MpPOH30LIIO0
nepeceyeHue [IBYX KPHUBBIX.

HNaunbie I'nnmana [4], nonyyeHHble UM [l APYroil CepHM TNOK-
PHITHIX MEIbI0 MOHOKDHCTA/JOB LHHKA, NPEeACTaBJEHH Ha puc. 8.
B 3ToM ciydae CKOpPOCTb YNpOYHEHHS MOHOKPHCTAJJIOB LIHHKA C

300

N
S
l

N
S
l

S
S
1

N
S
1

S
|
\
\
\

S

20 40 60 80 00 120 MO 60 180 200 220
Jemopmayus cisuza, %

[PcaTennoe HanpasiceHue cosuea, &/Hm?

S

Puc. 8. Kpusble nedopmammy MOHOKPHCTAJ/NIOB IIHHKA C MeXHOM
o

MOBEPXHOCTHOMN MJeHKo# ToammHol 850 A (1) m ¢ uucTOi mMO-

BEPXHOCTBIO MOJyueHHOoH DpaBieHHeM (2); Xo = Ao = 27° mua-

™MeTp MoHOKpHucTasmoB 4 mm. Ilpu pmedopmauun casura, pas-

Hoit 120%, manpysxa cCHuMamach; 3aTeM 06a MOHOKDHCTAJIA

BBIISPIKMBAIHCh TPH KOMHATHOH TeMnepaType B TeueHue 24 ¢

IV OCYLLeCTBJIGHHs (Tpollecca BO3BpaTa, TIOCME 4Yero CHOBA.
HarpyxaJnuch [4]

NOKPBHITHEM YBe/JIMYUBAETCSl C INOBBIMIEHHEM CTeleHH AedopMaLuH
ObicTpE€e, UeM CKODPOCTb YIPOYHEHHS MOHOKDHUCTAJJIOB C YHCTOH
NOBEPXHOCTBIO,

Jluncerr u Kunr {19], uccnenyss BausiHMe 30JIOTBIX TJIEHOK Ha
CBOMCTBAa MOHOKDHCTAJJMOB KaJIMHUsl, YKa3blBAalOT, UYTO OHH H3MEHSIOT
dopMy KpUBbIX mepopmauuu. ABTOpPH TakKe YCTAHOBHJH, UCO
BJIHsIHUE TJIeHKH Ha GopMy KPUBOI neopmMalyu 3aBUCHT OT OpPHeEH-
TaUM¥ MOHOKpHCTaJsa. Kpusble nedopMauuu AJs OLHOH Cepul
HCNIBITAHHBIX UMH MOHOKPMCTAJIJIOB NpeincTaBJeHH Ha puc. 2. Cie-
AyeT ykasaTh, uTO KpuBasi AedopMalHH NMOKPHITOro MJeHKOH 006-
paslla BHayaJje MOBBIIIAETCS OO0 3HAYEHMH, JIeXKallUX Bhillle KPHBOIl
nedbopmanuy obpasuma ¢ YHCTOH NOBEPXHOCTBbIO, a 3aTeM pacmnoJa-
raercsl Hal Hefl Ha OIHOM U TOM e YPOBHe IO TeX IOp, TIOKa He
6yner nocrurayta nedopmauus casura 200%. Ilocae sroro Hauyu-
Haercsi ObICTPOE yBe/JMYeHHe CKOPOCTH ynpouHeHusl. Takoe moBepe-
HYe TUIHUYHO JJIsSI MOHOKPHCTAJJIOB, y KOTOPBIX YTOJ %o PaBeH NpH-
MepHO 15°, i MOHOKPHCTAJIOB ¢ GoJsiee BEICOKMMH 3HAUEHUAMH
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yria yo 4 AJs IJIeHOK ToJunuHo# ~ 12000 A kpuBble nedhopmanuu
MOHOKDHUCTAJIJI0B — MOKPBITBIX TJIEHKOI ¥ C YHCTOH NOBEPXHOCTHIO —
BHayaJie Pe3K0 OTJIHYAIOTCS [0 CBOEMY IOJIOXKEHHIO APYT OT Apyra,
a 8aTeM 1O Mepe YyBeJHYeHHs] cTeneHu AedopMmMauuy NyTeM CKOJb-
)KeHHs 06e KpHBble NocreneHHo cOmuxarorces. Ha puc. 1 Oblan npu-
BelleHbl THNHYHble KpUBble OedopMalnuu, nojyuyeHHble Takamy-
po#t [13] mpu Hccle10BaHMM BJHSIHHSA AHOOHBIX TNOBEPXHOCTHBIX
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Puc. 9. KpuBble u3MeHeHHWs yNia 3akpyddBanus (a) u qedopmaimm
cismra (6) B 3aBHCHMOCTH OT HAMpPSKeHHS, TNOFyYeHHble VI MOHO-
KPHCTAJJIOB aJIIOMHHUS -C ZHOAHBIM TOKPHITHEM PAa3JIHYHOM
Toauuasl [13]:
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I — TonmKHa niaeHkH .100 A; 2 — TOJUIHHA NJIEHKH 500 A

IIJIeHOK Ha NJacTuyeckylo nedopmanuio anwoMuHus. TakaMmypa ycra-
HOBHJ, YTO NOBEPXHOCTHBIE IVIEHKH OOBIYHO NOBBIIAIOT LEJHKOM
BCIO KpHBYyI0 Jedopmaunud. OmpHako MHOTAA JJisi MOHOKPHCTAJJIOB
€ OCSIMM, pacnojlaTalIMuMHCa Oausko K rTpauuue {001]—{111}
cTepeorpaHuecKoro TpeyroJbHHKA, MOJydaJuch KpHBble Aedopma-
IIMH, NepeceKalouecss NPU HEKOTOPHIX cTeneHsAx Aepopmanuu. Ilpn
6oablIuX cTeneHsXx nedopmMauud KpuBas HedopMalliud MOHOKDHU-
cTajja ¢ 6oJsee TOJCTHIM [TOKPBHITHEM ‘pacroJsiarajach HHXKe KPHBOH
JlehopManyuu MOHOKpHCTalaa ¢ 60Jiee TOHKUM NOKPHITHEM (pHC. 9).

Beino 3aveueHo TakXe, uTo KpuBas Oedopmanuu obpasua c
fosiee TOJNICTON aHOLHOH TJEHKOH He MMeeT IepBOTO yuacTKa B OT-
JHUyHe OT KPHBOH Ass o6pazua ¢ Hosnee TOHKOH nieHKoH. Takamypa
OoOBSACHSN NepecevyeHHe KPUBBIX Ha DHUC. 9 pa3jiuveM B KOJHYECTB2
o6pasylouyxcs B 3THX JBYX oO6paslax HeOLHOPOIHBIX Y4acCTKO3
CTPYKTYpPHI, TaKHX Kak NoJiochl cOpoca U OCOOEHHO «IIOJIOCHI BTO-
puyHOro caBHras [27], KoTopble CIOCOGCTBYIOT HHTEHCHBHOMY YNpOY-
Henuto. IloBepxHOCTHAasT mnJeHKa NPENsITCTBYeT Pa3BUTHIO TaKUX
HEOJHOPOJIHBIX YYacCTKOB CTPYKTYPHI.
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B onblTax ¢ MeTansoM, HMEKOLIMM KyGHUECKYIO TPaHEUEeHTPHPO-
BaHHYyI0 ipemieTky, ['apcron, Xouukom6 u I'putam {21] ycranosuy,
YTO TIOKPBITHE MOHOKPHCTaJ/Ma MeIH IJIEeHKOH MPHBOIHUT K HCUes-
HOBEHUIO IepBOTO yYyacTKa Ha KPUBOH nedopMaluH, B OTJIHYHE OT
KpuBoil nedopmauun o6pasua 6e3 mokpeiTHs (cM. puc. 5). OnHaKO
KpuBbe nedopMamuu 3THX [ABYX MOHOKPHCTAJJIOB CONHKAIOTCA
noc/je TOro, Kak Aebopmauusi caBura npeBblcHT 3%.

Posu [22] uccienoBas MOHOKPHCTAJJIBI MeIH, MOKPHITHIE CJI0EM
cepe6pa U MOHOKDHCTAJIJIBI MeJIH, IOBEPXHOCTb KOTODHIX OblJa OYH-

~ s
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N (100)
- 34
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= 7% =—
Jepopmayur

Puc. 10. Kpusble nqedopmaumn MOHOKPHCTAWIOB MEIH OJMHU-
HAKOBO OpPHEHTAUHH C pas3augHoii oOpaboTKoil moBepx-

Hoctu [22]:
! — nocne TpaBneHHs B a30THOH kucyore (13,1 e/mm?); 2 — nocne
MOKPLITHSL cepeOpsiHOl NUIeHKOoi, ToaIHHOK 4 X 107 “cm (13,4 2/mm?);
3 — Cc JlerMpoBaHHBIM cepeGpOM MOBEPXHOCTHBIM cioeM (11,6 2/mm?)

meHa TpaBJenueMm. OcaxaenHasi cepeGpsiHasi JIEHKAa He BJHUSIET HH
Ha K03GduuueHtr nedOpMalMOHHOTO YNPOUYHEHHS, HU Ha OOIIYIO
¢dopMy KpUBOH HedopMaluy, TOTAA KaK NJeHKa MeIHO-cepeOpsHOro
CnaBa, noJydyeHHast nyTeM Aucdy3uH, BbI3BIBAET He TOJDBKO 3HAUH-
TeJbHOE YMeHbIlIeHHe Ko3DUuUeHTa YIPOUHeHUs NpH AedopMalux
NnyTeM CABHUra, HO TaK¥Xe NPHUBOAMUT K NMOSBJEHHIO 00J1acCTH JIETKOro
CKO.1b3KeHHs1 (cM. puc. 6). DTo HMeeT MecTO HECMOTPS Ha TO, YTO
npu BHIODAaHHOH OpHEHTAallHH MOHOKPHCTAJJIOB B CaMOM HayaJe
NJ1aCTHYECKOTO TeyeHUs] OOBIYHO NPOUCXOLUT MHOXKECTBEHHOE CKOJIb-
JKeHuUe.

HcenbiTanust Apyroit cepuu MOHOKPUCTAJJIOB, OPHEHTHPOBAHHBIX
TakuM o6pasom, yToObl oOecrneynTb BO3HHKHOBEHUHe 00JIACTH JIEr'KO-
ro ckosbxenus (puc. 10), moxasanu, uTo Ipocroe cepeGpsiHOe
TIOKPLITHEe BBI3blBaeT HeOOJbLIOE yMeHbllleHHe O00JacTH JenKoro
CKOJIbXKEHHsl, HO He OKa3blBaeT HHKAKOro BJIMSIHHSI Ha YIPOYHEHHe
npu dedopMaluu NyTeM CIBUTA HA NMOCJAEAYIOMMX CTAAUSIX MJIACTH-
YeCKOTO TeyeHHS.
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IIpn 1MOBEPXHOCTHOM JIETHPOBAHUHM 06JIACTh JIETKOTO CKOJIbXKE-
HHUsl pacnpocTpaHsiercs 10 OoJiee BBICOKHX 3HaueHHH Aedopmanuu
M BeJUYMHa OO6UIero YNpOYHeHHs NpH AePopMaluyu NMyTeM CIBHUTA,
CBsI3aHHAass KaK C JerKHM CKOJIbXKeHHeM, Tak H ¢ obJjactbio GoJee
MHTEHCUBHOTO YIIPOUHEHHs, yMeHbllaercsi. Po3u cuenan BHIBOI, 4TO
BJIMSIHUE TIOBEPXHOCTHOTO JIETMPOBAaHHUSI Ha NJacTHYeCKHe CBOMCTBa
MeTa/JIHYeCKUX MOHOKPHCTAJ/JIOB aHAJIOTHYHO BJIHSIHHIO, KOTOPO?
OKa3blBaeT JIeTMPOBaHHE OCHOBHOIO MeTaJljla Ha KPUTHUECKOe Ha-
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Puc. 11. Kpusele medopMamuws Tpex flap MOHOKDH-
) CDavIIoB Pa3IAYHON OPHEHTALHH, HO C OUIHWHAKOBLIM
colleprKaHueM IMWHKA B TTOBEPXHOCTHOM cuioe {23]

Npsi)KeHHe CABUra NMPH TEYEHHMH, U YTO BeJIMYMHA JIETKOTO CKOJIBbXKE-
HMSI BO3pacTaer, a ynpoyHeHHe TpH JedopmMauuu nyTem CIOBHra,
CBs3aHHOe C NOJIHOW KPUBOH pacCTAXKEHHS, YMeHbllaeTcs.

. Ilpu HaloXeHHWM KDHUBBIX 'PACTsAKEHHs, TOJYYeHHBIX Amawm-
coMm [23] nasT MOHOKDHCTAJ/JI0B € OAMHAKOBOH OpHeHTalMeHd (M HMc-
KJIOYEHHH IIJIOUIAaJOK TeKyuecTH, OOpasyloIIuxcsi B pPe3yJbTaTe
TIPOMEXYTOUHBIX OTMKHIOB IIPH HH3KHX TeMIepaTypax), MOXKHO
H3YYUTb BJHSHHe Pa3/JHYHOTO COJAEPKAHHS IIHHKA B TIOBEPXHOCTHOM
cJI0e MOHOKPHCTaNJ0B MelHu Ha (HopMYy KPHUBBHIX dedopmauuu.

Ha puc. 11 coBMmellleHbl HEKOTOPBle KPHBble Ae(OpPMalMH, NOoJy-
yeHHble AmaMcoM, YTO NO3BOJISIET CPaBHUTb KPHBHe AedopMaluu
IJIsi TPeX nap MOHOKPHCTAJJIOB € Pa3/IMYHOH OpHeHTallHel, KOTOpas
BbI6MpaJsach TakuM 06pa3oM, YTOOB KPHBble HMeJNH PasjHuHYH
BeJIMYMHY 06JIaCTH JIETKOro CKOJbxXKeHHs. JlJs Kaxao# napel pac-
CMOTDEHO BJ/IMSIHMe YBeJHYeHHs] COLepPKaHHMs LHHKA B IOBEPXHOCT-
HOM cJoe B mpefenax ot 1 no 8Y%. YBeanueHHe conepXKaHUs LHUHKA,
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NIOMHMO MOBHIIIEHUS] KPUTHYECKOI'O HANpSKeHHs CIABHUra NpH Teye-
HHH, yBeJH4YHBaeT 006JacTb JIEMKOrO CIBHra (B Tex CJydasx, Koraa
TaKoBas CYLIECTBYET), HO He OKa3bIBaeT 3HAYUTEJbHOTO BJIUSHUS HA
CKOPOCTb yNPOYHEHHS Tmocje 3ToH craiuu nedpopmauun. OqHaKO
nocaenHuil 3¢ @exT 3aBUCHT B HEKOTOPOHN CTeNeHH OT OpHEHTAaILHH
MOHOKPHCTAJJIOB, BBIGPAHHBIX [JIsi CPaBHEHHSL.

Posu {29] usyyusn BJIHSIHHe COZepKaHHWS TMpUMecell B TBEPAOM
pactBope Ha o6y GopMmy KpuBoH nebopmauuu npu casure, U3z
aHaJM3a JaHHBIX 3TOH PaboTHI CJelyeT, YTO YeM Bhllle COLEpKaHHe
npuMeceli, Tem 6oJbille MNPOTSKEHHOCTb NEePBOro yuacTka. XoTd,
Kak ykasbiBaer Po3H, 3TOT BBIBOJ KaXeTCs Ha NepBbI B3IJIAA NMpo-
THBOpeyalllUM pe3ysabTaTaM, nosayuyeHHblM Jlwoke u Jlaure {30], a
takXe Anapane u I'enmepconom [18], KoTopele He HaGa0OmaNN TEp-
BOTO yyacTKa Ha KPHBBIX PACTSIKEHUS aJIOMHHHS U HUKeJs TeXHH-
YyeCKON 4YMCTOTBHI, TEM He MeHee, HCXOAS M3 NMPHPOIBI MPUCYTCTBYIO-
LUIUX TMpuUMecedl B 3THUX MaTepHanax {O0COGEHHO IJs aJIOMHHUSA),
MOJKHO TPEeINOJOXKHTb, UTO He BCE OHHM CIOCOGHH 06Pa3oBBIBATHL
TBepAble pacTBophl. CorsacHo BeIBoAaM Po03u, MOXHO OXHAATh, YTO
HepacTBOPUMble NPHUMECH, 0COGEHHO €CJH OHHM pacHoJaramTcs 3
yyacTkax BOJH3H [OUCJAOKauWH, o6pasylolUX TpaHHLIBl G6JOKOIB
MO3auKH, OYAYyT MNPEensTCTBOBaTb MBMXKEHUIO NHCJIOKauui. B pe-
3yJabTaTe CpelHee PacCTOSIHHe MEXIY IJIOCKOCTSMH CKOJIbXKEHHS
YMEHBILHUTCSA, YTO, B CBOIO OuUepefllb, INPUBEIET K YBEJHUEHHIO CKO-
pOCTH YNpOYHEHMs, BO3HHKaloLlelro cpasy Inocjae Hayaja NJacTH-
YECKOro TeyeHHs. DTUM OOBSCHSIeTCS OTCYTCTBHe INIeDPBOTO yyacTKa
Ha KpUBBIX OdedopMalUMH [Js MaTepuaJoB TeXHHYeCKOH UHMCTOTHI
C BKJIIOUEHHsIMH BTOpPOH (a3bl. YBennueHue NpPOTSKEHHOCTU epBOTO
yyacTKa Ha KPUBBIX NethopMaluH C TIOBBHIILIEHHEM COJePXKaHHUs TIPH-
Mecell CONpOBOXKIAeTcss IOBLIILIEHHMEM TNpefena TeKydyecTH, 4To,
BEPOSITHO, BbI3BIBAETCS 3aKpelJeHHeM MCTOYHHKOB AHCJAOKAaNHUd
aToMaMH NpHMeceil B COOTBETCTBHH C MEXaHH3MOM, NMpeNJOXKeHHbIM
Kotpeanowm {8] unu Cysyku {31].

Bausnue ckopoctu degpopmayuu Ha dopmy Kpusslx
«Hanpamerue — Oegpopmayus»

Kak yxaswiBaer 'mnMan {4], B1ussHMe TOBEPXHOCTHBIX MJIEHOK
Ha MNPOYHOCTb METa/JIOB 3aBHCHT OT cKopocTd Aebopmauuu. Ok
©3yuaJl BJHsHHe CKOPOCTH JHedopMaUMH Ha MPOYHOCTb LHHKOBBIX
MOHOKPHCTAJIJIOB, MOKPHITHIX Mefablo. TOJMIIMHA MeIHOH NJIeHKH COo-

o

craBasiia 600 A. TIpu yBeauueHuun ckopocTH nAedopmanuu ¢ 3 X
X 1075 go 3 X 107* cex—! manpsixkenue, coorBercTBytomee 0,05%
yIOJHUHEHHS, YBeJIUUYHBANOCh [1Js1 MOHOKPHCTaJJa C YHCTOH TOBepXx-
HocThI0 (mosyueHHoOH TpaBienueM) Ha 1,56%, a 445 MOHOKpHCTaJ/Ia
¢ wmenHo# nienkod Ha 9,5%. C mpyroii croponbl, Jlumcert
1 Kunr [19] e oGHapyKHJIH 3aMETHOrO YCUJIEHUsl BJHAHHUSA 30J0TOH
IJIEHKH Ha NMPOYHOCTb KaaMUEBbIX MOHOKDPUCTAJJIOB NIPH yBeJHUYEHHH
CKODOCTH pacTsiKeHHst B yeThlpe pasa. [loaromy mpencrasisiercs
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l[eJIeC-OO6’pa3HbIM NMPOJOJIXKHTb HCCJIeJOBaHHe BJIHSIHHUA CKODOCTH 1e-
(pOpMaI.lI/II/I Ha MPOYHOCTb MOHOKDHCTAJJOB C NOKPbBITUEM H MOJYUYHUTH
JOIOJIHUTEJIbHbIE 3KCNIEPUMEHTAJIbHbIE daHHBIE.

Muxkpoctpykryproele npusnaxu dedopmayuu

B HekoTOpBHIX pab0oTax N0 H3YYEHHIO BJHMAHUS COCTOSIHUS TIOBEPX-
HOCTH Ha CBOHCTBA METAaJJIOB IPH HUCIBITAHUM Ha pacTsikKeHUe, pac-
CMaTPHBaJOCh BJHSHHe IOBEPXHOCTHBIX NJEHOK Ha CTPYKTYpHBIE
npu3Haku Aedopmanuu. DTH JaHHble HMelOT 60JbllIOe 3HAYeHHe, IMO-
CKOJIbKY IIOMOTAIOT TOHSTb MEXaHH3M BJIMSIHHSI IOBEPXHOCTHBIX
NJIEHOK. '

I'unman [4] uccnenoBasn peHTreHorpaduyeckKMM IyTeM y4yacTKU
MOHOKDHUCTAJIJIOB LMHKA, IIOKPBITBIX U He MOKPBITBIX MeJbl0 H Je-
()OPMHPOBAHHBIX pacTsKeHueM. lcciaeloBaHHe MPOBOAUJIOCH CPaB-
HeHHeM KDHBBIX, CHSATBIX Ha PEHTTe€HOBCKOM CIIEKTPOMETpe B Mel-
HOM HM3Jy4YeHHHU. ¥ MOHOKPHCTAJJIOB C MeIHblM TOKPBITHEM TIOBEPX-
HOCTHBIe CJIOM AetOopMHUPOBANHCh 60Jiee HHTEHCHBHO IO CPaBHEHHK
C MOHOKPHCTa/JJaMH C YUCTOH mnoBepxHocTblo. Kpome Toro, GbLIO
YCTaHOBJIEHO, YTO Y MOHOKPHCTAJIJIOB, MOKPBITBIX MeJIbl0, HaHGOJb-
lIMe HCKaxeHUsl pelleTKH HaGJ/JI0JAl0TCd Yy [OBEPXHOCTH, a He
BHYTPH MOHOKpHcTaJ/1a. JIOKaJbHOe HCKaXKeHHe PellleTKH Y MOBepX-
HOCTH GJsarofaps CYLIECTBOBAHHIO IJIEHKH CBHIETENbCTBYET O Ha-
JIMYUM JIOKAJIbHOH KOHLEHTPaUHM [AHCJIO0Kaluil, KoTopas cospaercs
BCJIEICTBHE TOr0, YTO IJIEHKA NPENSTCTBYET BBIXOAY HX Ha MOBEpX-
HOCTb MOHOKpHcTasjaa. Kpome Toro, 'maMan ykasmeiBaer, 4To V IHo-
BEPXHOCTH MOHOKDHCTaJJa BO3HUKAIOT KakK YNpyrue, TakK U MJacTu-
YecKHe HCKaXKEHUs pelIeTKH, YeM U OODbSICHsSeTCs BJHSHHE TJIEHKH
Ha CKOpPOCTb YMpPOYHEHHS.

Takamypa {13], ucciaenys BausiHMe OKHCHOM MJeHKH Ha CBOHCTBA
aJIIOMUHHEBBIX MOHOKPHCTAJJIOB, OOHApYXKHJ crneuupuyeckoe H3-
MeHeHHe MHKDOCTPYKTYpbl, CBSI3aHHOe C HaJHuheM NOBEPXHOCTHOII
nneHkd. Kak ykaselBaJjoch BHIllle, TIOBEPXHOCTHAsl NJIeHKa IIOAaB-
JisleT pa3BUTHe N0JOC c6pPOCa M MOJIOC BTOPHYHOTO CKOJbXKeHus. OH
00HApyXKHUJ, YTO INJeHKa NPeNnsATCTByeT INOSIBJEHHIO TOHKHUX JIHHHII
CKOJIb2KeHUs. DTo siBaeHHe Habmogalock TakXke Dbpaynom u Xonu-
komGoMm [28]. Kpome TOro, Ha aJIOMUHHEBBIX MOHOKpHCTaJJjax,

o

fIOKPBITBIX aHOAHBIMH IJIEHKaMH TOJIMHON Gosee 300 A , yacto Ha-
6/1101aJ10Ch TIOSIBJIeHHe HEeOOBIYHBIX CJEJ0B CKOJbXXeHHUS. DTO sIBJe-
HUe NPeNNOJIOKUTENbHO OOBSICHANOCh CKOMJIEHHEeM JIMCIOKALHI MO
IIOBEPXHOCTHOH NJIEHKOH.

Jluncerr u Kuur [19] uccienoBanu MHKPOCTPYKTYPY MOHOKPH-
CTaJJIOB KaAMHS NOCJe Pa3NUYHOHN CTeNeHH AedOpMallUH pacTsxe-
HHUEM C UeJbI0 YCTAHOBUTb pasjiUyHe B CTPYKType 06pasuoB, MO-
KPBITBIX W He NMOKPBITHIX 30J0TOM. IcciaenoBaHue MOHOKpHCTaJMA,
YaCTHYHO IOKPBITOI'0 30JI0TOH NJIEHKOH, TOCJe PacTsXKEHHUs ero Ha
9% mnokasaJso, 4TO B He TIOKPBITOM 30JI0TOM yuacCTKe 00pasoBajioch
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0osbllIoe KOJHYECTBO IOJIOC CKOJIbXKEHHs, PAClONaralmuxcs 10-
BOJIbHO PaBHOMEPHO IO JUIMHE yyacTKa C YHCTOH TIOBEPXHOCTBIO.
B obsacty, mOKpPHITON 30J10TOM (myTem pacnblieHusi), ObLIO OGHAa-
DYXeHO JHIIb HECKOJbKO H30JHPOBAHHBIX NOJOC cKoJbxKeHus. Kpo-
Me TO:v, Jluncerr u KuHr cpenanu cienyioiee BaxkHoe HaGJiofe-
HYe. CTyNeHbKH CKOJIbXKeHHsl, 00pa3ylolluecs Ha MOBEPXHOCTH B TeX
ydyacTKax, TIe JHHeHHble JUCJAOKAUUU TPOIIH Yepe3 IMJIEHKY, GBbLIH
YHCTBIMH, OCTPBIMH M IIHPOKHMH W HMeJH ONHHAKOBBIH BUI KakK

Puc. 12. CxeMa mpomecca CKOJIMKEHHS B MOHOKDH-
crasvie KagMusa. B Touke A mpoucxoguT paspylieHne
NJIEHKH 30J10Ta; B TOYKe B HauuHaercs
oTcnausanue [19]

B o6pasuax, MOKPBITBIX IJIEHKOH, TaK H B He NOKPBITBIX (puc. 12,
touka A). C GOKOBBIX CTOPOH MOHOKPHCTa/ja B MECTax BhIXOAA
BHHTOBBIX AMCJOKalHUil Hab/100a/l0Ch Pa3iHude B CTPYKType MOHO-
KPUCTAJJI0B, He MOKPBITHIX M NMOKPHITBIX TIJIEHKOH. B MoHOKpucTaJj-
Jax C YHUCTOH MOBEDXHOCTBbIO B yyacTKaxX, COOTBETCTBYIOLIMX
ToukaM (CM. puc. 12), IHHMM CKOJbXKEHHUSI OTCYTCTBOBAJIH, TaK KakK
o0pa3oBaHUsl CTYNEHEK CKOJIbXXeHHUs] He TpPOHUCXOAuJo. B MoOHO-
KPHCTaJax JKe, NOKPHITHIX IJIEHKOH, HAGJI0NANUCh OTYETJIHBBIC
JIUHUM CKOJbxKeHUus. IIpu oTHOcHUTeNbHO HeGOJBIIHX CTENeHsiX pac-
TSXKEHUsT Ha INOBEPXHOCTH MOHOKpPHCTAJIa NMOSBJ/ISIUCH BOJHUCTBIE
JIMHYH, NapaJ/ljie/ibHble HalpaBaeHHIO CKoJbXeHHus. [To Mepe yBeju-
YyeHHsl cTelmeHU AepopMalyy BOJHUCTBle JHHHM CTAHOBHJHUChH Bce
GoJiee rpy6BIMH, H 3TOT Npolecc MNPoJAoJXKaJcsi A0 TeX NOp, MOKa
BCA MJIEHKAa MJH 3HAUWTeJbHAsh 4YacTb ee He OTCJAaHBaJjach OT IO-
BEPXHOCTH BCJeACTBUHe ocjabnaeHusi cua cuensneHus. Takum obpa-
30M, NJIeHKa He oOsafaer BBICOKMM CONPOTHBJIEHHEM KacCaTesJbHbIM
HanpsiKeHUSM B ee IJIOCKOCTH. JIMHelHble AUCIOKAUHH IPOXOIAST
yepes MJEHKy Jierde, ueM BHHTOBHe. [lleHKa oTopBeTcsi OT MOHO-
KpUCTaJjia TIpeXIe, YeM BHHTOBble AMCJAOKAILMM CMOTYT NPOHTH
yepe3 Hee, TOTJa KaK NPH NPOXOXKIAEHHUH JHHEHHBIX NUCHOKAUUH He
Hab/wofaeTcss aHAJOTHYHOTO HapYIUEHUs CLENJeHHs NJEHKU ¢ MO
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HOKpuCTaJ/yoM. JluncerT u KuHr mnosaraior, 4To ¢ NOMOIIBIO MOJY-
UEHHBIX UMH JaHHBIX MOXKHO OGBSICHUTb H APYTHe SBJEHHS, HaGJIIO-
JaBlivecss NpH dehopMalUU MOKPHITHIX IJIEHKaMH MOHOKPHCTAJLJIOB,
B uacrHocTH, MOXHO 0GBscHMTL BhIBOA [niamana u Puaa [20] o
TOM, 4TO IIOBEeleHHe MOHOKDHCTAJJIOB NPH AedopMallH 3aBUCHUT OT
(GopMBl NIONEPEYHOTO CeYeHHss W OT OpHEeHTAlUH HampaBJIeHHS
CKOJIbXKEHHS1 B 3TOM IIONEPEYHOM CEUeHHH.

Yanmepc u Hesuc {32] nedpopmuposanu 10 0,5% anoMUHHEBHIH
MOHOKDHCTaJJ, 6J1aronpUaATHO OPHEHTHPOBAHHBIN 1Js OCYINECTBJIe-
HUS JIETKOTO CKOJIbXKEeHHUs, U HccaenoBau ero no Merony lymbua.
ITocsie orXHMTa OTYETIHBO pas3jHuYMMble NsATHAa Jlays pasmenunuch
Ha H30JIMPOBaHHblEe NapaJlielbHble N0J0CH. DTO TO3BOJSET NPELNO-
JIOXKHUTb, YTO B HCCJIELOBAHHOH 06JacTH 06pasyloTcs psAAbl JHHEH-
HBIX JMCJIOKALMH OJAMHAKOBOTO 3HaKa. I10 MHEHHIO 3THX HCCJen0Ba-
Tesel, NUCJIOKalldM  HMEIOT TaKoM  3HaK, YTO B Ipolecce
nJacTHYecKol neopMalUM NyTeM DacTsAXKeHHS OHH Y aJsioTCs OT
noBepxHoCTH. TeM camMblM MNOATBep:KIaeTcs TUMOTE3a O TOM, UTO
IUCIOKALUH, MPUXOASLIHe B ABHKEHHEe HAa PAHHHUX CTaAMsX MJIACTHU-
uecko#l dedopMalUH MOHOKDHCTAJIJIOB, 3apOKAAIOTCS MCTOYHHKAMH
®panka — Puna, oauH KOHel KOTOPBIX MOXeT CBOGOAHO Hepeme-
11aThCSl HA NOBEPXHOCTH MOHOKPHCTaJJa,

Becbma TinaTenbHOE HCcieNO0BaHMe Tpouecca AepopMauuu INo-
BEDXHOCTHBHIX IIJIEHOK Ha TBepJbIX Tesaax Obllo TpoBeleHo Bpemom
u JBancom {33]. ansg TOro uroObl OTYETJHBee NPEACTaBUTh cebe
MeXaHH3M, I[IOCPEACTBOM KOTOPOro IJIeHKa NpensTcTByeT nedop-
MaLHuH, OHU NPOBOJAU/Y ONBITHl Ha MOHOKPHCTAJNIHYECKUX IMJEHKAX;
3TH MJIEHKH HaHOCHJHMCh BAKYYMHBIM HCIapeHHEM Ha IOBEpPXHOCTh
MOHOKPHCTAJJIOB TaK, YTOGBl KDUCTAJJNHYECKHE DEIUeTKH TIJIeHKH
¥ JIeXKalllero Nmoj Hell MOHOKPHCTAaJjjla UMENH TiapaJljeibHyl0 OPHeH-
tauuto. Takum o06pasoM, TOrPpaHHYHOEe HECOOTBETCTBHE MEXKAY
JBYMsi pellleTKaMHu MOXKeT ObITb Cria)KeHo o6pa3oBaHHeM LBYXpas-
MEPHOM CeTKH AMCJAOKalUuil, pa3Mepbl KOTOPOH ONpefensiforcsi CTe-
IeHbI0 HecOOTBeTCTBUs. MccienoBaTedn CTPEMHJINCh YCTAaHOBHTH
GbakTOpbl, ONpedesIOLHe JETKOCTb IPOXOXKIAEHUS AUCHOKaLHMH ue-
pe3 rpanuny. C 3TOd 1leibl0 TJIEHKH C PellleTKOH I'PaHeLeHTPHpPO-
BaHHOTO Ky6a HaHOCHJM Ha MOHOKpUCTAJ/Ibl cepe6pa Takum obpa-
30M, 4TOOBI OHYM OBbLJIM ONpeJeJeHHO OPHEHTHPOBAHB! TI0 OTHOLIEHHUIO
K MOHOKPHCTaJJaM, MOoCde Yero MOHOKPHCTAJJbl HCHBITHIBAMU HA
pacTsiKenue. 3aTeM IJIEHKH OTAKMPA/Jd OT MOHOKDHCTAJJIOB M HC-
cJefloBa/i MOJ 3JIEKTPOHHBIM MHKPOCKONOM B TIPOXOAsLIeM TYYK2
3J1eKTPOHOB. JJsi Toro 4ToObl H3YYHTb NOBelleHHe TIJIEHOK B PasJiuy-
HBIX YCJOBHSIX, OBLIH TPOBEILEHbl NOMOJHHUTENbHble ONBITHI C MOJH-
KpUCTaJJMYeCKHUMH TJIeHKaMH Ha  MOHOKpHCTaJ/ax cepebpa;
OpPMEHTHPOBAHHBIMH NJIEHKaMH Ha MOJHMKDHCTAJJIM4YeCKHX 006pasuax
najnagus U MOHOKPHCTAJUIMYECKHUMH IJIEHKaMH Ha aMOp(HBIX Be-
LIeCTBaX.

BuiBoabl, mnoJyueHHble Dpemom M DBaHCOM, HEBO3MOXKHO TOI-
poGHO onucaTh B Hallell craTbe. 3aMeTHM TOJbKO, YTO TOJyyeHHbIE
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UMM 5KCIIePHMEHTaJIbHble JaHHBlE COTJIACYIOTCS C TPEANOJOXKeHHEeM,
YTO MOBeleHHe MeTaJIMYecKOH NJeHKH npu AedbopManuu omnpeje-
JsieTcs ee B3aMMOJEHCTBHEM ¢ LUCHOKAUMUSIMH, BO3HHKAIOILUMH H3
HCTOUHHKOB, PacloJiaTalolIUXcs BHYTPH MaTepuasa, Ha KOTOPbIH
OHa HaHocuTCS. MICTOYHMKH CO31alOT JHCJOKAaUMOHHBIE NMETJIH Ha
aKTHBHBIX TIJIOCKOCTSX CKOJIbXKEHHS M NOBelleHHe IJIEHKU NpH He-
(dopMauHuu 3aBUCHT OT TOTO, CMOTYT JIH 3TH JAUCJIOKALMH NPOHHK-
HYTb BHYTPb IJIEHKH U TIPOITH Yepe3 Hee,

Buio ycranosseHo, 4To JIerkOCTb Nepexona AUCJIOKAUHUH BHYTPb
TJIEHKH 3aBHCHT OT XapaKTepa B3aHMOAEHCTBHS NJEHKH H OCHOBHO-
ro MaTepuana (C TOUKH 3peHHs] 00pa30BaHHUS CIJIABOB); CTPYKTYPLI
MUVIEHKH; Pa3/Muusl B MOJYJSIX YNPYTrOCTH TOHKOH MJIEHKH H OCHOB-
HOTrO MaTepHaJia; CTENeHH HEeCOOTBETCTBHSI MeXIY KDPUCTAJJIH-
YeCKHMH pelIeTKaMH IJIEHKH M OCHOBHOTO MaTepHasa.

Bpam u 3Banc [33] mokasanu, uTo mNepeMelleHHe TUCAOKAUHUK
B NOJUKPHUCTAJJIHYECKOH TIJIeHKe, HaHECEHHO# Ha MOHOKPHCTAJLI,
4ype3BbIYalHO 3aTPYNHEHO BCJeNCTBHe (eCNOpPSIIOYHOr0 pacloJsoxKe-
HHsl MJIOCKOCTell CKOJIbXKeHUs B nueHke. ITosTomy npu nedopmupo-
BaHUM TIPOMCXOAMT €e pacTPeCKHBaHHe 110 HampaBJIeHHIO CJEN0B
CKOJIbXXEHHUS B JlexallleM NOoJ Hed MOHOKpHCTaJlJe.

Xon {16] mnpoananuaupoBas, Kakue CHUJIBl OYAYT BO3HHMKATb
B cJyuae, KOTJa BHHTOBas [HCJOKalUus B OCHOBHOM MaTepHalns:
NpUOIHU3UTCA K MOBEPXHOCTH, Ha KOTOPOH HMEeTCs TOHKAas MJeHKa
c opyruM Mmopnynaem ynpyroctd. OH moKaszaJs, uTo, KOria NOBepX-
HOCTHAas IIJIeHKa oGnamaer GoJsiee BBICOKHM MOMAYJEM YNPYroCTH,
YeM OCHOBHOM MaTepuaJs, TO NPUOGJIHKAIONIASCA K INOBEPXHOCTH
JUC/MOKalUUsl CIepBa NpPUTATHBaercss (moka He Gyner NOCTHTHYTO
HEKOTOPOe KDHUTHUECKOE pAacCTOSIHHE), a 3aTeM OTTaJKHBAeTcss OT
NMOBEPXHOCTH. BennunHa KPUTHYECKOTO pAaCCTOSIHUSI 3aBHCHUT OT
COOTHOIIEHHST MOAYJeH YNPYroCTH M TOJIIMHBI NJIeHKH. XOTs X34
paccMaTpHuBaJ TOJbKO BUHTOBBlEe IMCJOKALMH, OJHAKO OH HOJIAaraer,
UTO aHaJOTHYHble YCJA0BHS OYyAyT coOMI01aThCs U NPH NepeMmernte-
HMM JIMHEHHBIX OUCJIOKaLHKH.

Bpsm u dBanc {33] nmokasanu, 4YTO OTHOILEHHe MOAYJEH CIBHra
NeHCTBUTEJbHO OKas3blBaeT BJIHSIHME Ha TIepeXOl NUCIOKauui M3
OCHOBHOTO Marepuasa B mieHky. OmgHako BaKHeHLIMM (aKToOpowM,
BJAMAIOLMM Ha [lepexo] JHCJOKaUWi#l H3 OCHOBHOIO MaTepHaJsad
B OPHEHTUPOBAHHYIO TUIEHKY, SIBJISETCSl pa3/jHuyHe NMapaMeTpPoB pe-
IIETOK.

Cerku pucjokauuit, obpasymooumuecs Ha NOBEPXHOCTH pasjesa
MeXJ1y OCHOBHBIM MaTepHaJoM M IJIEHKOH, CO3LaloT MOIIHBI
Gapbepbl AJMS TPOXOXKJEHHS] NHCJIOKAUMH, JeXallux B aKTHBHOH
IJIOCKOCTH CKOJIbXKEHHS, TAaK KaK JHCI0KalUUuu Gapbepa JiexaT B TOH
¥e MI0CKOCTH. D(PpheKT BAUSAHUS TaKUX 0apbepoB yCHJAUBAETCA
C yBeJHYEHHEM KOJHUYecTBa AUCJIOKAUMH, NepexOAsllHXx H3 OCHOB-
HOrO MaTepHasa B MJIeHKY. IHTeHCHBHOCTB 3TOTO mpoluecca 3aBHCHT
HENOCPEJCTBEHHO OT CTeNeHH HEeCOOTBETCTBHSI MeXIy O00eHMMH pPe-
HIeTKaMH.
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Baustue coCTOAHUA NOBepXHOCTU Ha paspyuierue

HMeercst HECKOJIBKO PaGOT TO BJHSIHUIO ‘COCTOSTHHS MOBEPXHOCTH
Ha paspyllieHHe MeTaJlJIMYeCKHX MOHOKPHcTamaoB. ['maman [34] o6-

o
HapyXuJj, uTO IoCJe HaHeceHuss ToHkoiM (~3000 A) MenmHoOf
IJIeHKH 'Ha MOHOKPHUCTAJJIbl ‘HHKA OHH CTAHOBSTCS 3HAUUTEJIbHO
foJiee XpYNKHMU NPU KOMHATHO# TeMnepaType. MelHOe MOKpBHITHE
HaHOCHJIOCh Ha NMOBEPXHOCTh MOHOKDHUCTAJJIOB 3JIEKTPOJHTHYECKHM
nyreM. B onHOM ciayuae ObJIO 3aMeueHO, UTO NOKPBbITHe CHHXKaer
Hanpsi>keHHe, BbI3bIBalolllee pa3pyllieHHe MOHOKDHCTAaJJIOB.
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Puc. 113. HamgHeHne pa3pyllaiollero HampskKeHns

NPH PACTSAXKEHHH MOHOKDHCTAJJIOB LHHKA C MeJHbIM

NOKpPHITHEM B 3aBHCHMOCTH OT * OPHEHTAUMH MOHO-

KpucTaios [35]:

o — I1AHHbIE, TIOJIYYEHHble B MNpeAbIAYLHX 1)a6o1‘ax:

‘ — HOaHHbIe, NOJYYeHHble MNPH HCCJASNO0BaHHH;

——— — KpHBas H3MeHEHHUs pa3pylialouero Hanpsixe-

HHSI MOHOKPHCTAJJIOB C MeOHBIM IOKDBITHEM;

~— — — — KpHBas H3MeHEeHHs pa3pyllalollero Hamnpsaxe-
HUSI MOHOKPHCTAJ/JIOB C YHCTOH MOBEPXHOCThIO

Cpunay u Pupep [35] uccienoBanu BiHsHHe NOBePXHOCTHBIX
NJEHOK Ha BEJNMYHHY HANpSKEHHUs, BHI3BIBAIOILETO XPYIKOe paspy-
IIeHHe NMyTeM OTPbiBa MO IJIOCKOCTSIM CNAaHHOCTH B Pa3J/IMYHbIX
ycaoBHsAX. Bblo u3yyeHo BAMSAHHe MeNHOH IJIEeHKH, HaHECEHHOH
3JIeKTPOJIMTHYECKH, Ha BEJMYHUHY HaNpsKeHHs,, HeOGXOMUMOro A%
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pa3pylueHusi pa3auYHO OPUEHTHPOBAHHBIX MOHOKDHCTAJIIOB LHHKA
NyTeM OTPbIBA TIO NMJOCKOCTSM CHAHHOCTU TIPH DACTSKEHHHU HX NpPH
——196°. [TonyueHHble pe3yJbTaThl Npe[CTaBaeHbl Ha puc. 13. Ha-
O/0f1aeTcss HEKOTOPBI Ppa3bpoc SKCIEPUMEHTAbHBIX [JaHHBIX,
0JHAaKO U3 UX PacCMOTPeHHS CJAeAyeT, YTO MOHOKDUCTAJJBbI, MOKPbI-
Thle IJIEHKOH M ODHEHTHPOBaHHble TakKuM 00pasoM, YTO YroJa Xo
Jexur Mexay 20 wum 70° (20° < o< 70°), -paspywawprca 1o
IVIOCKOCTSIM CNAaHHOCTH NPH HANPSKEHUH NPUMepPHO BABoe GoJee
BbICOKOM, YeM HampsixKeHWe, TPH KOTOPOM pas3pyllarwTcs MOHO-
KPHCTAJ/JIbl C YUCTOM MOBepXHOCTb0. KpoMe Toro, oTMeuaercs, 4ro
BeJMYMHA MJacTHYeCKOoll medopMauuu mepel] pa3pylieHHeM y MOHO-
KPHUCTAJJIOB, OKPHITHIX NJEHKOH, 3HAYUTEJIbHO MEHbIle 10 cpaBHe-
HHIO C MOHOKpHCTaJ/1aMu Ge3 mieHoK. Pa3bpoc 3KCrepUMeHTaIbHbBIX
(aHHBIX MellaeT cHeJaTh NPaBHJbHbIA BBIBOJ O BJHSHHH BBICOKHX
3HaAYeHUH Y. YBeJUuUeHHe Pa3pyLIAIOIIEr0 HaMpPSKeHHsT O0O0bsc-
HsieTcsl 3aKpelnJleHHeM CBOOOJNHBIX KOHLOB HCTOYHHKOB PpaHka —
Puia Ha noBepxXHOCTM MOHOKDHCTAJJIOB LHMHKA TJIEHKOH, HaHeceH-
HOM 3JIEKTPOJIUTHUYECKHM IyTeM.

ITo nannbim Bunepa u I'ensamepa [36], npu ucnbiTaHUM Ha pac-
TSAXeHHe NP KOMHATHOH TeMnepaType MOHOKPHCTAJ/JIOB LHHKA
(OpHEeHTHPOBaHHBIX TaKUM 06GPa3oM, uTo o = 3°) HOpMaJbHOe pa3-
pyllaloliee HalpsiXkeHUe yBeaWunBaeTcss npumepHo Ha 40% B pe-
3yJbTaTe HaHeCEHHsT Ha MOBEPXHOCTb MOHOKDHUCTAJNIOB IJIEHOK
MelIH, 30JI0Ta, OKHCH LHHKA, 0JI0BAa MJM LHHKa TOJLMHON GoJee

L]

500 A. Ilpy yBenMUeHHH TOJILMUHB TIJIEHOK CBEPX 3TOH BEJHUMHBI
NOBbIILEHHe Pa3pyIIAIOIeT0. HaNpsiXkKeHHsl yXkKe He 3aBHCHT OT TOJ-
WHUHB TIeHKH. OHO He '3aBHCHT TakK¥e W OT THIA TIOBEPXHOCTHOIO
nokpeiTus. O6luee yia/avHeHHe yBenuuuBaeTcss BABoe. [Jedopmanus
OCyIleCTBJ/sIeTCS B OCHOBHOM NyTeM [ABOHHHKOBaHHS, KOTOpOe CO-
NPOBOXK/AeTCSl CKOJIbXXEHHeM IO IJIOCKOCTH 6a3uca, NPOHUCXOASLINM
KaK 00, TaK U Mocje JBOMHHKOBaHUS, a TaKXKe CKOJbXEHUeM IO
IIockocTH 6a3uca BHYTPU HABOMHUKOB. Metanjorpaduueckoe uccie-
N10BaHue MOKasajo, UTO NOKPHITHe MJIEeHKOH MOHOKDHCTAJJbl HMeEIOT
6oJblle IBONHUKOB M OHH 0o0Jiee pPaBHOMEPHO pacnpejeseHbl.

Bunep u I'enszamep {37] ycraHoBunn TakKe, 4YTO paspyuiailiee
HanpsixKeHHe NMOKDPHITHIX MJEHKOH MOHOKPUCTAJMIOB (yo = 83°) CHE-
)Kaercst npumepHo Ha 509 1o CcpaBHEHHIO C MOHOKpHCTaJJaMHu
C YHMCTO} MOBEPXHOCTbIO, YTO coryacyercsi ¢ JaHHbIMH ['punay u Pu-
nepa {35]. TIlpemBapureinbHOe CXKaTHe NPUBOIUT K 06GpPa30BaHHUID
JBOMHUKOB, KOTOPbIE, B CBOI0 OuYepelb, NOBLILAIOT paspyluaroliee
HanpsixKeHHe Kak AJS He NOKPBLITBIX, TaK W HJs MOKDPBITBIX MNJEHKOM
MOHOKDHCTAJ/JIOB. DTH JaHHBblE, TaK XKe KaK U Pe3yJbTaThl OINLITOB
110 yOaJeHHI0 NJEeHKH U H3YUeHHI0 BJMSHHUS MNpPelBapUTEeJbHON JIC-
topMauuu U BO3BpaTa, OOBSCHSAIOTCS CKOMJIEHHEM [HCJIOKaUHUi y
O6apbepoB. B saTomM mnpouecce IBOHHHKHM HrpaloT BaXKHYIO pPOJb, TaK
KaK OHH W3MEHSIOT TYTb [BHUXKEHUsS AUCIOKAUHH U HeHCTBYIOT Kak
6apbepol.
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B passurue onucanubix Bhlle pa6or Bunep {37] mccaemoman
BJIMsIHHE TBepPAbIX CPeJl Ha TeueHHe U pa3pylleHHe OJHHAKOBO OPHEH-
THPOBAHHBIX MOHOKPHCTAJ/IIOB LMHKA B LIMPOKOM HHTepBaJje Temlle-
patyp. OnHOpOoIHBIE, MJIOTHO NPHCTAlOIINe MeJHble MOBEPXHOCTHHIC
IJIEHKM OBlJIM HaHeCeHbl Ha YHCTYIO MOBEPXHOCTb UHHKOBBIX MOHO-
KPHCTAJIJIOB 3JIEKTPOJIMTHYECKUM NyTeM. ToOJIIMHA NJIEHOK, ompese-
JeHHAas 10 U3MEHEeHHIO Beca, KosebGasach B mpepesnax or 2000 xo

[ ]

4000 A. VMcnpiTaHde Ha pacTsKeHHe TPOBOAHJIOCL B HHTepBaJe
tTemnepatyp ot —196 no +100° co ckopocTbio medopMauuH, pas-
Ho#t 5 X 1073 cex~!. YcraHoB/eHO, 4YTO Y MOHOKDHCTAJJIOB, ODHEHTH-
pOBaHHBIX TaKUM 06pPa3oM, UTO yroJ xo = 3°, TOBEPXHOCTHAs IJEHKa
crmocoGeTBYeT MOBBILIEHHIO KaK NMpejesa TeKyuyecTH, Tak M Halpsxke-
HHMsl, BbLI3BIBAIOIEr0 paspylleHHe N0 IJIOCKOCTAM CHNAaHHOCTH.
ITocnennee Bo3pacraer Gojiee HHTEHCHBHO, ueM MNpefes TeKyyecTH.
Kputuyeckass TeMneparypa XPYNKOCTH MOHOKPHCTAJJIOB, KaK MO-
KDBITHIX TJIEHKOM, TaK U He MOKDHITHIX, Jexana Mexay 60 u 70°. dro
CBA3BIBAETCS C HAYaJOM HHTEHCHBHOTO CKOJIbXKEHHSl, KOTOPOe HacTy-
naer nocJe OKOHYaHHS mpouecca 06pa3oBaHHsl HEKOTOPOro ompeie-
JIEHHOT'O KOJIHYeCTBa IBOHHHKOB.

Kpurnueckas TeMnepatypa nepexoia U3 NJAaCTHUHOTO COCTOSIHUS
B XPYNKOe YacTo ONpejessieTcsi KaK TOYKa IleDeceyeHHsi KPUBBIX
H3MEHEHHUs MNpeneJia TeKyyeCTH U CONPOTHBJIEHHS OTPbIBY B 3aBUCH-
MocTd OT TeMnepatypel. OfHaKO B JaHHOM CJy4yae TeMIepaTypa
nepeceyeHUsi KPUBBIX He COBMAafaeT C KPUTHUECKON TeMIepaTypoi
xpynkoctd. TeMnepatypa nepeceuyeHHs] KDUBBIX I/ MOHOKpHCTaJ-
JIOB € YMCTOH NMOBEPXHOCTbIO M NMOKPBITHIX IJIeHKOH paBHa —380
1 —100° cooTBeTcTBeHHO (puc. 14). BuHep cBst3piBaeT Temmepartypy,
NpU KOTOPOH TNDPOHCXOAHT IepeceyeHHe KPHUBBIX C H3MEHEHHEM
WHTEHCHUBHOCTH Ipolecca [JBOHMHHKOBAaHHSI B 3aBUCUMOCTH OT TeMIe-
patypbl. Huxe TOouknm nepeceueHuss KpHUBBIX paspyllaiolliee Hamps-
KeHue He 3aBHCHT OT TeMIlepaTyphl; BBILIE — OHO 3aMETHO BO3pa-
CTaeT € ee NMOBBIIIEHHEM. ¥ CTAHOBJIEHO, UTO NMPOLECC JBOHHHKOBAHHSA
MTpaer CyLIeCTBEHHYIO DOJb NPH pa3pylleHHH INyTeM OTpPhiBa MO
MJOCKOCTSIM CIIaHHOCTH, He MNOKPBITBIX U MOKPHITHIX IJIEHKOH MOHO-
KPHCTAJ/I0B (OpPUEHTHPOBAHHBIX TAKUM 0GpPa3oM, 4TO YroJ yo = 3°).
Paspywaromee HanpsikeHHe CBS3aHO €O CPEIHHM MPHBEAEHHBIM
MaKCHMaJ/IbHBIM DacCTOSIHHEM MeXAy NBofiHMKamu. Bblio ycranos-
JIeHO, YTO 4eM MeHbllle AedopMauus, ocyllecTBiaseMass NyTeM ABOMH-
HUKOBaHHUsl, TeM 6OJblle CpelHee NMpPHBEJEHHOE MaKCHMaJbHOe pac-
CTOsIHHE MeXJy JABOHHMKAMH M TeM MeHblle paspyllalollee Hanps-
JKeHHe. ' -

BuHnep ykasbiBaer, 4TO y KPHCTaJJIOB, OPHEHTHPOBAHHBIX TaKHM
o6pa3om, 4TO yroJa xo = 83°, MOBePXHOCTHASA NJeHKa CIyXKHUT Gapbe-
pOM 1Js OUCHOKAaUHMH M yMeHbLIaeT paspyllaiollee HamnpsiKeHUe,
KOTOpOe yXe He 3aBHCHUT OT TeMllepaTyphl '(puc. 15). B atom cayuae
KpHTHYecKkasi TeMnepaTypa XpYyNKOCTH COBIajgaeT c TeMIepaTypof,
NPH KOTOPOH TPOHCXOAMT TlepeceyeHHe KPUBBIX H3MEHEHHs Tpenena
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TEeKYyueCTH U paspylialomero HanpsiKeHHs, IloBepxHOCTHasi mJeHKa
NOBBIIIA€T KPHTHUECKYI0 TeMmnepaTtypy xpynkoctu Ha 20° c 50
o 70°. .

Bunep [37] uccnenoBas Taxkxe BJHsSHHMe GOJIBLIOTO KOJHYECTBA
Pas3JHYHBIX Ta3000Pa3HBIX H XKUIKUX Cpell Ha XPyNKoe Pa3pylIeHHe
MOHOKDHCTAJIJIOB LIHHKA, Y KOTOPHX IJOCKOCTb 0a3uca pacmoJara-
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Puc. 14. ViaMeneHwe HampsKeHHs TeueHus (0y)
¥ Pa3pylaoleno HamnpsikeHns (0r) MOHOKpH-
CTa/JIoB LHHKA (Xo=3°) B 3aBHCHMOCTH OT
TeMIiepaTypbl HenbiTakwa [37):

A — OF' O — °y — A MOHOKDHCTAJWIOB C YHCTO# nO-
BEPXHOCTBIO; A — cF. o — °y — AN MOHOKPHCTAaJ-
JIOB C JNIOBEPXHOCTHOH NJeHKOR

Jgacbh GJM3KO K OCH pacTsikeHHsT (Yo = 3°). OH 3aMeTuJ1, 4YTO TMOBBI-
lLiIeHHe CONPOTHUBJIEHHS] OTPLIBY HabJionaeTcsl TOJbKO B TOM CJyuyae.
KOrjla Ha INOBEPXHOCTH LHHKOBHIX MOHOKPHCTaJJOB ob6pasyerca

o
IJIOTHO MpHCTAlOWas NJeHKa ToauHoi Gonee 200—300 A.

Bausnue noeepxﬂocmozl NAGHKU HA noA3Y4ecTsd

Kak 6bl10 nokazano Annpane u Pangosnsowm [38], cocrosiHue mo-
BEeDPXHOCTH MrpPaeT CYLIECTBEHHYIO pOJb B IPOLECCe IMOJ3y4ecTH
MeTa/NINYeCKHX MOHOKpHCTaM10B. OHHM HCC/e10BaNH MOJN3y4yecTb
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MOHOKDHUCTAJ/IJIOB KafIMHsI B HEKOTOPbIX 3JIEKTPOJNHTAX H NOKa3saJd,
YTO CKOPOCTb MOJI3YYECTH YyBeJHYHBAETCSs, NO-BHIUMOMY, BCJELCT-
BHe yAaJeHUs] OKHCHOH IJIEHKH, NpensiTcTByolell moasyyecty. ITox-
po6HO BONPOC O BJHSIHHH 3JIeKTPOJIMTOB OyNeT pacCMOTPeH B
TpeTbell yacTH Haillero 0630pa, XOTS 3TO JeJieHHe U SIBJSeTCS He-
CKOJIBKO TpPOM3BOJIbHHIM. B 3TOM pa3smene OynyT paccMOTpeHH
TOJIbKO Pa6OTHl N0 BJHSAHHIO OKHCHBIX H MeTa/JIMYeCKHX TJIEHOK Ha
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Puc. 15. MaMenenue HanpsokeHus Tedewuss (0y) H paspy-
WaKLlero HampsxXeHns (OCr) MOHOKDHCTA/NIOB LHHKA
(%o =83°) ® BaBHCHMOCTH OT TeMIepaTypbl HCIbITa-

nust [37]:
A — °y' O—GF — NIJs MOHOKPHCTAJNJIOB C YHCTOA noBepx-
HOCTbIO; A —Gy. [ ) — Op — AJA MOHOKDHCTAaJ/OB C MOBEpX-

HOCTHOH nJIeHKOR

NOJI3yUecTb METAaJJIOB, XOTS XPOHOJIOTHYECKH HM MNpeLlIecTBOBaJC
HECKOJIbKO HCCJIeLOBaHHH MO BJIUSHUIO 3JeKTPOJUTOB.

OnHolt 3 mepBbIX paboT N0 BJHSHUIO OKUCHBIX H METaJlJIHU-
YeCKHX TJIEHOK siBasieTcsi ucciaenoBaHue Ilaiikyca u ITapkepa {39],
H3yyaBIUHX NeHCTBHe NONOOGHBIX IJIEHOK Ha CKOPOCTb TIOJI3YYECTH
IHHKAa U HUKeJsl MapKu A Ha BTOPOH CTaguu moJa3yuecTH. Bruic
H3yYeHO MOBeleHHe KaK MOHOKPHCTAJJIOB, TaK U NMOJHKPHCTAJJIH-
yeckux 06pasnoB LuHKa. CKOPOCTh MOJ3YYECTH Pa3JHYHO OPHEHTH-
POBaHHBIX MOHOKDHCTAJ/JIOB LIHHKA 3HAYUTEJNbHO YMEHbILIAeTCs NpH
HaJIMUHH TOHKON MexHO# mueHKH. [locse ynasneHusi MeLHOH NJEHKH
CKOPOCTb MOJI3yYeCTH B0O3pacTaeT A0 BeJHYHHBI, COOTBETCTBYIOLIEH
CKOPOCTH TMOJI3Yy4eCTH MOHOKpHCTaJJoB Oe3 maeHku. Ha puc. 16
npuBeleHa KPUBasi MOJ3Y4YeCTH [Js OLHOTO U3 HCNBITAaHHBIX MOHO-
KPHUCTAJJIOB. BBliI0 H3yyeHO TaKiKe H3MEHEHHe CKOPOCTH TOJ3YyUecTH
B 3aBHCHUMOCTH OT TeMINepaTypbl AJs MOJHKPHCTAJIMYECKHX H MO-
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HOKDHCTaJJIHYeCKHX 00pasloB LUMHKA ¢ MPAHOI MOBEPXHOCTHOWH
naeHkoi u 6e3 Hee (puc. 17).

MHorounc/eH ble ONBITH C MOJUKPHCTANIHYECKHMH 06pa3uaMd
OJHO3HAYHO N0Ka3aJH, YTO TOHKAasl MJeHKa MefM He BJMSeT Ha NOJ-
3ydecTb NOJIMKPHCTAJIMYECKOTO THHKA. Bo Bcex omeiTax nMesa
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Puc. 16. Bumsnne TOHKONO 'MENHONO MOKPBHITHS HAa CKOPOCTH MOJ3YYe-

CTH IMOHOKpHCTa/Na UHHKa {39]:

1 — nocne HaHeCeHHs MeAHOH NJEHKH Ha MOHOKDHCTaMJI; 2 — mnowie Yaaneuus
MeaHOH MNJIEHKH C MOHOKpHCTanaa

mecto AHGpy3us mMexay UMHKOM ¥ Menblo. ITosTomy moBepxHoOCT-
Has NJeHKa npelcTaB/asna co60H cnaaB Meau ¢ UMHKOM. OQHakKe
uccaenosanne Curtnanna u Ilapkepa {40], usyuaBUIMX BAMSHHC
OKHMCHOM TIJIEHKHM Ha TOJ3y4eCTb aJ/IIOMHHUS MapKu 25 ¥ TSHYTOH
MellH, I0Ka3aJjo, 4TO CONPOTUBJEHHEe NMOJI3yYyeCTH 3THX MaTepHaJsoB
BO3pacTaJjo NMPH HaJHYUU TaKOH IJIEHKH.

MoxHO O6b110 Obl TIPENNOIOXKHTb, YTO BJIMSIHHe MEIH Ha TOJ3,-
yeCTb MOHOKPHCTAJJIOB LMHKA BbI3BAHO YBeJHUEHHEM AHaMETpa.
006pa3uoB Ha tonwuHy nokpbiTus. OgHako Ilaiikyc u [lapkep, pac-
CMOTpEB BeJUYHMHbl BO3HUKAIOMIUX HANpSXKEHUH, MOKA3a/lH, 4TO 3TO
MaJjioBepositrHo. Kpome TOro, ecau Gbl 3TO NpennoJsoxKeHue OblLIN
CIpaBeJIUBO, He CYLIECTBOBaJo Obl Pa3jiduus B NMOBENEHHH MOHO-
KDHCTaJJOB, TIOKPHITLIX M He MOKPBITHIX NJEHKOH, B 3aBUCHMOCTH OT
TEeMIepaTyphl.

Mururep {41], npoBensi cOOTBETCTBYIOLUE pacyeT, MOKasas, 4T
TIOBEPXHOCTHASl MJIeHKa BoCHpHHHUMaeT 3% OT NPHUJIOXKEHHOrO Ha-
nNpsxKeHUus, DTa BeJUYHUHA He CTOJb 3HAUMWTEJNbHA U He MOXKET OHIThb
IpUYHHON HaG6/II0aeMOT0 CEMHUKPATHOrO yMeHbIIEHHSI CKODOCTH
MOJI3y4ecTH; ©OJHAKO STOT (PAKT CBULETENbCTBYET O TOM, UTO
VBeJIHUeHHe NHaMeTpa MOXKET HrpaTh HEKOTOPYIO POJib.

Tunvan u Pun (20] noxasany, 4To CONPOTHBJEHHe MOJ3yyecCTH,
a TakXKe MeXaHHWYyeCKHe CBOHCTBAa MOHOKPHCTaJJIOB LIHHKA, 0JIOBA
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W CBHHIIA M3MEHSIOTCS NPH HAaHECEHHH Ha HHUX (3JeKTPOJHTHYECKHM
nyTem HJHM MCapeHHeM) INJIEHOK MeNM, 30JI0Ta, UMHKAa M cepebpa.

o
Tlnenku menu u cepe6pa TonmuHoit ~ 2000 A, HaHeceHHble HCmape-
HUEM, YMeHbIIAIT CKOPOCTb I0JI3y4eCTH MOHOKDHCTAJJIOB LHHKa.

0=20000 ran/rmons 9=29,000 m/;/mmr

4

log ae

4 1 ] 1 ] L
40020  qov2z Qo024 Q0026 qooz8 Q0030
Benuyura, odpamuasq adconromuod memnepamype (7/7+6)

Puc. 17. ViaMeHeHHe CKOPOCTH MOJI3yYeCTH B 3aBH-
CHMOCTH OT TeMMNepaTypbl AJs MOJHKPHCTANTHYECKHX
H MOHOKPHCTaJJMYecKHX 06pa3loB ilMHKA ¢ MeTHOMH
nJyeHkolt H Ge3 wee [39]:
€ - - CKOpOCTb I1OJI3Y4YeCTH; a H b—'HOCTOﬂHHble: 1 — nmo-
JHKpHCTaNMyecKHe o06paslibl 6e3 MOKPbITHS; 2 — MOAHKDPH-
CTaJJIHyecKHe o6pasllbl ¢ MeAHbIM MNOKPHITHEM; 3 - MOHO-
KPHCTANAbI 6e3 MOKPbITHA; 4 — MOHOKPHCTAJ/JIbBI C NOKDbI-
THEeM

ABTOpPBl 06GHAPYXKHJM, YTO Cpasy Nocje HaHeCeHUs MJEHOK HabJo-
naeTcsl He3HauuTeNbHbIH 3 (heKT yNnpoyHEHHUS, OJHAKO CIYCTs He-
CKOJMIbKO [Hell NMPOUCXOAUT YyKe 3HayuTeJbHOe yNPOYHeHHe MOHO-
KPUCTaMI0B. Menuble INJIeHKH, HaHeceHHble Ha MOHOKPHCTAaJLTbi
IIMHKa B TpOLlecCe HCHBITAHHS Ha NOJ3YUYeCTb, CHUIKAIOT CKOPOCTH
TOM3YYeCTH B 3aBUCHMOCTH OT TOJIUMHB IJIeHKH. Takoe BiAHSHUE
TJIEHOK Ha TIPOLlecC NOJI3YYecTH MOXKeT ObiTb 00bSCHEHO HUCXOOS %3
IPeNNONIOKEHHS, YTO MeIHOe NMOKPbITHe BOCNDUHHUMAaeT 4acTb Ha-

TPY3KH.
Koddun u Beliman [42] mpoBenu KoJMuuecTBEHHOe MCCeIOBaHAe
BJIMSIHUS COCTOSIHMSI IMOBEPXHOCTH Ha INOJ3Yy4yeCTbh MOHOKPHCTAJJI03
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IMHKa NPH NMOCTOSHHOH Harpyske. Ha ocHOBaHuu aHa/nu3a KPUBBIX
NoJI3yyecTH, MNOJyYEHHBIX A/ MOHOKPHCTAJJIOB LIMHKA, He MOKPBHI-
ThIX U MOKPBITBIX OKHCHOH INJIEHKOH, OHHM CHAeJaJd BHIBOA, UYTO
YyIPOUHEHHe MOHOKPHCTAJJIOB NPH HAJUYUH HeNpepbiBHOH OKHCHOH
MJIeHKU HabJjlogaeTcs TOJMbKO NPH HeGoJbLINX Harpyskax. I1pu mo-
SIBJIEHHH B TAaKOH TJEHKe TpPellHH MeTaJJs MOoJ3eT C OGBIUHOIl
ckopocteio. ITo MHeHHIO aBTOpOB, 3TH (aKThl MOATBEPXKAAKOT TEO-
pHIO O TOM, YTO OKHMCHAs IJIEHKA CHHXKaeT Harpysky Ha MeTaJul,
npuHHUMas yacTb ee Ha cebsi. OnHaKo 3TH (aKThl MOTYyT OBITH 09b-
SICHEeHBI, HCXOMSl U U3 TOr0, YTO B pacTpecKaBllIeHcs NJeHKe 00Jier-
yaercs nepemellleHHe NHMCJIOKALUH.

[asa onpeneneHuss MexaHu3Ma YIPOYHEHHs] MeTaJJIOB 3a CueT
[IOBEDXHOCTHON mJeHKH, Muturep u Pun [43] usyuanu BJausHHe
pasJMUHBIX MJEHOK Ha T0J3yYecTb MOHOKPHCTaJsoB KaaMmus. Occ-
60e BHHMaHHE YJeJNsJIOCh BJHUSHUIO TOJILIHHB IJEHOK U JUHAMU-
yeckoMy 3 ¢ekry. Beiin uccienoBaHel THADOOKHCHBle TJIEHKH, a
TaKXe TJIEHKH W3 CHHTETHYeCKUX IJacrMmace, ¢opmMBapa U ByJKa-
Jgoka. McnblTaHde Ha NM0J13Yy4ecTh ObLJIO BHIOPAHO M3-338 YYBCTBHTEJb-
HOCTH 3TOTO METOJLAa MCNBITAHUA K pas3nuuHbiM pakropam. CKopocTh
nossyuectu Oblla mpuHara nopsaka 0,01/4 npu nedopmauuu,
paBHoli ~0,01. Ha ocHOBaHHH NOJY4YeHHBIX HAHHBIX M TE€OPETH-
yeCKHX cooOpaxKeHUH aBTOPBI BBICKA3aJu NPEANOJIOXKEHHEe, UTO Hil
O6JIOKHPOBKA TOBEPXHOCTHBIX MCTOUHUKOB [JHUCJOKAUHUH, HH YIpyroe
OTTaJKHBaHUe MOHUCJAOKALMA THOPOOKHCHOH IJIEHKOH, HU HajJuuue
MaKPOCKOTIHYECKUX HANpsiKeHHi, CBI3aHHBIX C THAPOOKHCHOH NJeH-
KO, He OOBbSICHAIOT HabaronaeMbli 30 (deKT ynpouHeHus.

ABTOpBI MoJIaraloT, 4TO MOJYYeHHble HMH ‘Pe3yJbTaThl MOXKHO
00BSICHUTb HCXOASI H3 TIPUMHTUBHOH MeXaHHYECKOH MOJeJH, XOTs
B 3TOM cJayuyae 3(QQpeKT YNnpOuHEHHUS He LOJIXKEH U3MEHSIThCS IO Ju-
HelHOMY 3aKOHY B 3aBUCHMOCTH OT TOJILIHWHBI NJEHKHU UJIH 3aBHCETb
OT OpHEHTAaUWH MOHOKPHCTAJJIOB U CKOpocTH Aedopmauuu. ITa
MexaHuuyeckas MOJeJb MpeanmoJaraer, 4To B pe3yJbTaTe peJlakca-
IIMK KacaTeJbHBbIX HaNpSKeHUH B aKTHBHBIX TIJIOCKOCTSX CKOJIbKe-
HUS B MeTaJlJle Harpyska nepefaercss Ha IJIEHKY JO TeX Iop, IOKa
noc/JaefHsAsT HEe HauHeT Ne(OpPMHUPOBATbCA W He CO3LALYTCSl YCJAOBHUA
IJIsS OCYLIeCTBJIEHHS] CKOJIbXE€HHsl. ABTOpBI NpPEANOJNaraloT CyLecT-
BOBaHHWe B3aMMOJLEHCTBUS MEXAY MOUCAOKAUUSMH U I[JEHKOH.
Takoii MexaHusM (EHOMEHOJIOTHYECKM JKBHBAJIeHTEH MPHMH-
THBHOH MeXaHHUYeCKOHl MOJEJH NPU MaJbIX CKOPOCTSIX AedOpMaLHUH.
ATo corjacyercsi ¢ Hab/aIOLaeMbiM B HEKOTOPHIX CJIydyasix OTHOCH-
TeJbHO HeGOJbLIMM JAMHAMHUYECKHM 3((PEKTOM TIpH HCIBITAHHH 00-

o
pasuos ¢ Gosee ToJacToil (600 A) rUIPOOKHCHOH NJEHKOH.

BoJ/bLIMHCTBO paccCMOTPEHHBIX Bhlllle HCCAELOBAaHHUH BHINOJHS-
JIOCb Ha MOHOKpHCTa/JlJax HJIM NOJHKPHCTANJIHYeCKHX obpasuax
YHCTHIX METAJJIOB WJIH OAHOGAa3HBIX CNJAaBOB. DPdeKT ynpouHeHHs!
Ha6J01a/csa Takke M y S0Jee CJI0XKHBIX CIJIaBOB NIPH HaHECEHUH
Ha HUX TBepIblX MOBEPXHOCTHBHIX NJeHOK. Tak, Hanpumep, Kacumin
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u T'appucon [44] coo6maloT, YTO CONMPOTHBJEHHE NOJ3YUECTH CIJa-
BoB HUKeass ¢ 20% Cr npu 1080° 3HaYHTENBHO NMOBHILIAETCH B pe-
3yJbTaTe HaHECEHHs] KePaMHUYECKOTO TOKDBITHS.

Kaccunb, Puumona u Tajire [45] ucnbiTbiBaln TaKXKe Ha MOJ3Y-
YyeCTb NPH pPasHBIX TeMNepaTypax H HamNpsKeHHIX XPOMO-
HHMKeJleBble CIJIaBbl, MOKPBIThie KepaMuKOH. Tlpu moxkpeituu CeQ,
¢ (GpPHUTTOH CKOPOCTb MOJ3y4YeCTH NJOCKHX o6pasuos npu 1080°
u HanpskeHud B 0,4 xe/mm? cHuzuaacb Ha 509%. Opnako npu
HUCHBITAHMH Ha mnoJsa3ydectb npu 980° u Hanpskenuu B 1,54 xe/mm?
3MaJjieBble NMOKPHITHS OKa3blBAIOTCS BPELHBIMH.

Buyrpennee Tpetue u neoboiunolli ahpekT nocaedeiicraus

Hlanupo u Pun [46] onpenensiiu BHYTDeHHee TPEHHe He MOKpHI-
ThIX M NMOKPHITHIX OKHCHOH MJEHKOH MOHOKPHCTAJJIOB KaJMHS METO-
IOM COCTaBHOrO KBapLeBOro ocuuaasATopa. OKUCHYIO IJIEHKY
HAHOCHJIH, NOTPYyXKas MOHOKPHCTaJJbl KaJAMHSI B PacTBOD a30THO-
KHCJIOTO KaaMHsl. ABTOPHl YCTAHOBMJ/IM, YTO OKHCHAs NJEHKa BbI3bi-
BaeT 3HAYUTeJNbHO 6oslee OBLICTPOE NMOBBIIEHHEe BHYTPEHHETO TPEHUA
¢ YyBeJHYeHHEM aMIIMTYIbl KojeOaHHH, OCO6eHHO B TOM JHamnasoHe
aMTJIHTYI, B KOTOPOM OGBIYHO NMPH HCNBITAaHHM HaGJaomgaeTcs NOBI-
lleHHe BHYTPeHHero TpeHus. [Tocse ynaseHus NJIeHKH U MOBTOPHOTD
HCNBITAHUSI MOHOKpPHUCTa/dNa OBIIM TIOJYYeHBl TaKue Xe 3HAUeHUS
BHYTPEHHETO TPeHHs, KaK U N0 okuciaeHus. Illanmupo u Pun ykassl-
BAIOT, YTO 3TH Pe3yJ/bTaThl He NO3BOJSIOT OOBSICHUTD BJHSHHE OKHC-
HOH NJIEHKH Ha IJIaCTHYeCKHe CBOHCTBA NPOTHBOAElHCTBHEeM 00pa3o-
BaHMIO IHMCJIOKALUA Ha NOBEPXHOCTH o6pasua.

Bapper [47] BnepBble 06GHapyxXuJ HeOOBIYHHIH 3 deKT mocue-
OeHCTBUS B MeTananax. XopoUo H3BECTHO, YTO MeTaJjlJHyeckas Npo-
BOJIOKa, TIOABEPrHyTas I1acTHYecKoH [AedopmMauuu KpydeHHeM,
packpyuyuBaeTrcsi C TaKOH CKODOCTbIO, UTO 3a paBHble NPOMEXYTKU
BpeMeHH (B JorapudmuyeckoM Mmacutabe) OCyLIeCTBJASETCS pas-
nasi gedopmauus. bapper nokasan, 4TO TaKoe sBJeHHe HMeeT
MECTO TP KPYYeHHMH MOHOKDHUCTAJNJIHYECKHX U NOJHKDHUCTAJJIHU-
YeCKHX NPOBOJIOK 2KeJje3a W LHMHKA, KaK MOKPBHITHIX OKHCHOH IJIeH-
KO, TaK U cBexesauulleHHbIX. OpnHako, ec/au B Ipolecce nocJe-
NeHCTBUS BHE3AMHO NMOJEHCTBOBATb HA MOKPBITYIO OKHCHON NJIEHKOMH
NPOBOJIOKY, KOTOpasi Oblja NnpelBapUTeJbHO MJIAaCTHUECKH AedOpMH-
poBaHa KpyueHueM, KakKMM-HHOYAb TPaBHTeJ€M, TO BMECTO OOBIYHO-
ro adbekra nocneneficTeua HabmawoJaeTcs HeoOblaiHOe KpaTKOBpe-
MeHHOe fIBJIeHHe: NMPOBOJIOKA 3aKPyYHBAeTCs BMECTO TOrO, YTOOE!
packpyuuBatbcsi (puc. 18).

AHanornunble pe3ysnbTaThl GbIIH TOJNYYeHBl AJS1 MOJHKPHCTAJIIH-
YeCKMX UHHKOBBIX TDOBOJIOK M IPOBOJIOK U3 00e3yriepoxKeHHOH
Marko# cranud. HabGuaogaeMbl#i KpaTKOBPeMeHHBIH NepexXon OT pac-
KPyudBaHHsl K 3aKPYYMBaHHIO MOXKeT ObITb NpelCKasaH, eC/ld INPH-
3HaTh, YTO IJIOTHO NPHUCTAIOLIas OKHCHAs IJIeHKa sBJfAeTCs Ipe-
NSTCTBHEM IBHXKEHHI0O  Ouclokauuid. Bo Bpemsi ckpyuHBaHHs
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TIPOBOJIOKH QMCJOKAILMH HAKAaTJIMBAKIOTCS MOJ MOBEPXHOCTBIO pasie-
Jla OKHCb — MeTaJll. B pe3dysnbraTe AeHCTBUS KHUCAOTH AHCIOKALHM
BBIXOISIT Ha ToBepxHOCTb. Ilocse ocymiecTB/eHHsT KPaTKOBPeMeHHO-
TO 3¢¢exra 3aKpyuHBaHUS BHOBb HaGaiofaercst OOBIYHBIE 3 deKT
nocjeneiictBusi (T. €. NMPOBOJIOKA pacCKpyuuBaeTcsl), KOTOPHH oOCY-
1IeCTBJASIETCS yXKe ¢ MeHblledl CKOPOCTbIO U MOXeT OBITb TaKxke
0ObSICHEH OCBOGOXKIEHUEM CKOMHUBIUMXCSI NOJ, [IOBEPXHOCTbIO MHHC-
qsokauuit, I[Tocnenyiomue uccienoBaHus mokasaau oOLHi XxapaKTep
4a6JII01aeMOr0 HEHOPMaJbHOTO >(PdeKra ynpyroro nocljeneicTBus.
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Puc. 18. Kpusble nooieaedCTBHS MOHOKDHCTAJIOB LHHKA

C OKHCHOH TVIGHKOH, MOIBEPrHYTHIX IpeNBAPHTENIGHOR MJa-

cruyeckoit medopmaunn xpyuyeHneM. B Touke E Boxa 3ame-

HA.J1aCb TpaBUTeNIeM, KOTOpPbIH OKa3biBaJ JIeHCTBHE IO KOH-

na ucnbitauus (kpuBas A) uwam B Touke W TpaBuTeNb
onsATh 3aMeHsica Bomod (kpuBasi B) [47]

B stux pabotax 6bliM noapo6HO paccMoTpeHbl (PakTOphl, BJHSIO-
HiMe Ha 3TO sIBJIEHHE.

Bapper {48] wuccnenoBas NOJMKPUCTANIHYECKYIO MPOBOJOKY
KaJaMHs, C OKHCHLIMH MJIEHKAMH Ha TOBEPXHOCTH, MOJYYEHHBIMH aHO-
AMpPOBAaHUEM HJM JADYTHM cnocob6OM; MmpoBoJioKa Obljla MpenBapH-
TeJbHO NJacTHYecku aedopmupoBaHa KpyueHueM. Dapper obGHapy-
JKHJI TAKKe HEHOpMa/lbHOe 3aKpyuyuBaHHe (aHajorHyHoe HabJi0aaB-
mieMycsl paHble B ONbITAX C zKeJj1e31108 H MeJHO# NPOBOJOKaMH) NPU
yIaJCHUM MJIEHKH ¢ NMOBEDXHOCTH TpaBJjeHueM. B 3ToM uccienosa-
HUH OMBITHl MPOBOJMJIHNCH C TAKOH TOYHOCTbIO, YTO MOXKHO OBLIO
06HapyXUThb BJMSAHHE NJEHOK, 00pasyloluxcs Ha -BO3gyxe MpH
KOMHATHOH TeMIepartype 3a KakHe-HUOYAb 10JH yaca. DTH OKHCHbBIC
IJIeHKW NPOAOJIKAJH 0Ka3blBaTb CBOe BJIMAHHe LaxKe NOCJAe TOTO,
KakK TIpOBOJIOKA NOJBeprajach yMepeHHOH NJacTHYecKoil Aedopma-
uun. IlpenBapurenbHasi xoJiogHasi gedopMalys yBeJHUHBAeT CKO-
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POCTb pacKpyuuBaHHUsl NpH OObIYHOM nocjeielicTBuu. Ilpu Goasee
pa36aBeHHOM TpaBUTeNe KPATKOBPDEMEHHBIH HEHOpPMaJbHBIE 3(-
(dexT mocieneHCTBUS NMPOTEKAeT MeasieHHee, KOHTPOJbHEIE HCOBITA-
HHUSl TNOKasaJjy, YTO 3TO sIBJIeHHe He CBSI3aHO C TENJIOBBIMH KoJjeba-
HHSIMH.

Unenbcon u Pobeprcon [49] TakkKe HWccleloBajsu BJAHSHHe I0O-
BEPXHOCTHOH OKHCHOH IJIEHKH Ha peJaKCalHIo NOJHKPHCTaJJIHYec-
KHX TPOBOJIOK KaaMus nocse KpyueHusi. OHH pacCMOTPENH BJIHSIHHE
Takux (pakToOpoB, KaK MeTaJUIVPruueckue OCOGeHHOCTH TIPOHM3BOA-
CTBa MeTaJJa, COCTOsIHHe NJeHKH W BpeMmsi. MM ynamoch mokasarb
B0CIPOH3BOJHMOCTb HEHOPMAJbHOTO B(deKTa mocaeneHCTBUS U yC-
TQHOBHTb, YTO 3TOT 3((eKT 3aBHCUT HENOCPEACTBEHHO OT NPHUCYT-
CTBHSA TJIEHKH U ee YIPYTHX CBOHCTB. ABTODHI NaJid ABa OGbACHEHUS
HabaogaeMoMy 3P eKTy: 01HO, HCXOAS H3 JBYXKOMIIOHEHTHO# Me-
XaHUYeCKOH MOJeNd, Ipyroe — Ha OCHOBAaHHH TNpeNCTaBJEHHH O
CO3[aHUHM NMPENSITCTBUH IBHXKEHUIO THCIOKAIHIL.

JononHuTenbHble DaHHBlE, MOATBEPXKAAIOIIME, YTO HEHOPMaJb-
HBIH 3(ekT mocae eficTBUS CBSI3aH C co3faHHem 6apbepoB Ha NYTH
IBHXKeHHUs] JUcIoKauui, Obl1u noayueHsl Henom [50]. On naGaronan
HernocpenCcTBEHHO NOJ MHKPOCKONOM 0o6pa3oBaHHE MOJIOC CKOJbXKe-
HUSl B NpeIBapHUTeNbHO Ne(OPMHPOBAHHBIX MOHOKDHCTAJJIAX aJjlio-
MHHHS BBICOKOH YHCTOTHl NPH yNaJEHUH OKHCHOH MJIEHKH.

Koxapar [51] naGaionan HeHopMaJsbHbll 3h(eKT mocaeaedcTBUS!
TIpU HaTPeBe MOJABEPTHYTHIX KPYUYEHHIO MeTaJIJIHYeCKHX TIPOBOJIOK.
‘OTOXKeHHble NOJMMKPUCTAJNJINYECKHe NMPOBOJNOKH aJIOMHHHS, MEIH,
cepebpa ¥ HUXpPOMa 3aKPYUUBaJHCh B aTMoctepe reaus Ha Yyrod,
COOTBETCTBYIOUIM MOBEPXHOCTHOH CABHMroBO# Jedpopmauuu:B 2%.
3artem NpoOBOJIOKH OCBOOOXKAaJMChb H NPH KOMHATHOH TeMmepaTyp:
HaGaionancs oO6bludblil  a¢pdext nocaeneiictBusa. Cnycrs 20 mun
NPOBOJIOKH GHICTPO HarpeBasu 10 temmnepatyp oT 300 zo 700° mpo-
nycKasi 3JIeKTpHuecKui Tok. I1pu KOMHATHON TeMmmepaTtype Bce Npo-
BOJIOKHM paCKpyuuBaJiuch, [IpH MOBBILIEHHBIX TeMIlepaTypax ajioMH-
HueBas NPOBOJIOKA NPOJOJKAJda pPacKpyuHBaTbCs, HO c OoJbliei
CKOpOCTbIO; cepeOpsTHAas W MenHast NMPOBOJIOKH HayaJu 3aKpyuyuBa-
ThCSl, IIpHUeM cepebpsiHass MpPOBOJIOKA 3aKpyuHBaJjach 0oJiee MHTEH-
cuBHo. HuxpoMmoBasi mpoBosoka cHayasna crasna 3aKpyuyHBaThCH, a
3aTeM Mocje JO0BOJbHO OOJsblIOH deopmManud cHOBAa HayaJa pac-
kpyuuBatbes. Koxapar (kak W mpeablaylide HCCenoBaTesNd) oO6b-
SICHHJI TIOJIyYeHHble pe3yJbTaThl 06pa3oBaHUEM CKOMJEHHH IHCJIOKa-
LM TOA OKMCHOM NJeHKO#H BOJM3UM TIOBEDXHOCTH B pe3yabTaT?
njactiyeckoit nedopmauud. IIpyu HarpeBe MeTaslsna CHHUXKaercy
HanpsixKeHue, HEOGXOAHMOe 1Jsi POPbIBA IHCJIOKAUUil Yepe3 OKHC-
Hylo niaeHKky. ITocse npopbiBa AMC/JIOKaUMil NPOBOJOKA IOJIXKHA
CHATb 3aKPYYHUBATHCS, 4TO U HAOJIOAANOCh B Clyyae MeIM H cepe-
6pa. Koxapar npenmnosoxus, 4To NoBeleHHe aJIOMHHHUA (KOTODBIil
NIPOAOJIXKAJ PACKPYUMBATHCS1) BHI3BAHO HaJH4YHEM NJIOTHO NPHCTAI0-
el okucHoW maeHkd. CJI0XKHOe NMOBeleHHe HHXPOMa OCTajoCh He-
00BACHEHHDBIM.
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Obuwjas nAacTUYHOCTS U NPOYHOCTD

Hekoroprle ucciegoBateny H3yyanau BJHSIHHE [OBEPXHOCTHBIX
NJeHOK Ha O6ILyl0 NMJIAaCTHYHOCTb, NPOYHOCTb U IJIACTHYECKYIO He-
tdopmauuio MeTadsoB u cniaBoB, Jloran [52] uccienoBan BaHSIHHE
XPOMOBOTO NOKpHITUS Ha cBolicTBa craiaun SAE 4130 (0,3% Cu 1%
Cr) mpu HCNBITAaHHH Ha ylapHOe pacTskKedue, H3ru6 ¥ pasgaBiu-
Banue, OH yCTaHOBHJI, YTO MOKPBITHE XPOMOM CYLIECTBEHHO CHHXKaeT
OTHOCUTEJbHOe YAJHHEHHe, HCTHHHOe HanpsiXKeHHe B HauaJje pas-
pyllleHHs U OTHOILeHHe HCXONHOH NonepeyHoH TJowagH o6pasua
K NJOLlaJH B MOMEHT HayaJja pa3pylleHusi. ITH CBOHCTBA CHHU-
JKaloTcs ¢ yBeJIMUeHHEeM TOJILIMHBLI MOKPBITHS. B npyrom ucciemoBa-
nud, npoBefneHHoM KenHenu [53], usyuasioch BJHMSHHE KaJMHEBOTO
nokpuiTusl Ha moBegeHne craaun SAE 4340 (0,4% C u 8% Cr) npu
MOBLILIGHHBIX TeMIIePaTypax M HAJHYHMHM KOHLEHTPATOPOB HaNpsiKe-
HHSL.
Mopuccer [64] 06061un HMelolIHecs AaHHBle 10 BJIHAHHIO IIO-
KDBITHA XpOMa Ha cBolicTBa craau. Oco6oe BHUMaHUe OBIJIO yAeJe-
HO CTPYKType TOKPBITHS H BJIMSIHHMIO TEXHOJIOTHH ITIpoliecca Oocaxie--
HHSl XpOMa Ha MeXaHHYecKHe CBOHCTBa CTaJH.

®opm u Boanyun [55] mccienoBanu BJAHSIHHE XPYNKOro NMOBEpX-
HOCTHOTO CJIOSI HAa CBOMCTBA IJIaCTHYHBIX METaJJIOB Ha IIpUMepe
OKHCJIEHHOTO HOJMIHOTO THTaHa BBICOKOH YMCTOTBHI, @30THPOBAHHOI}
HepxkaBelomeit crasmi mMapkd AISI 303, oxpymueHHOH BOZOPOLOM
papuHUPOBAHHON MeIHM, NMOKDPHITOM XpOMOM MelH, Ll€MEHTOBAHHOH
yraeponpucroit crann mapku SAE 1020 (0,2% C) u nmoBepxXHOCTHO
3aKaJIeHHO!M MocJie HHIYKUMOHHOTO HarpeBa cTaad Mapku SAE
4340 (0,4% C u 3% Cr). U3 nmonyueHHBIX DaHHBIX CJeLyeT, UTO
XPYINKHI MOBEPXHOCTHHIA CJIOM Ha NMJaCTHUYHOM MaTepHalje MO CYy-
LIeCTBY SKBHUBAJIEHTEH «IHOTEHLUHAJbHOMY» Hajape3dy. 3Ta TOYKe
3peHHs TOATBepKIaeTcs CJAeNYIOLUMH (paKTaMHu:

1. ¥ Bcex HcC/IeI0BaHHBIX METAJJIOB C XPYIIKHM MOBEPXHOCTHBEIM
cJ10eM TpH HCIBITAHHU HA PacTsAXKeHUe ‘HaGJMIONANOCh IpeXjaeBpe-
MeHHOe ero pacrpeckuBaHue. O6pasyoliecss TPellUHbl CO3MAIOT Ha
o6paslie KOJIbIIEBO! Haxpe3 HECMOTPsi Ha TO, YTO PacCHPOCTPaHEHHE
TPellMH C NMOBEPXHOCTH B ry6p oOpa3ua mpoucxoguT Ha GoJjee
no3aHed CTAaIUH UCIBITAHHUS.

2. TlnacTHuHOCTb MeTajsa C XPYNKHM ITOBEPXHOCTHBIM CJIOEM
H3MEHSIETCSl B 3aBUCHMOCTH OT TOJIIIMHBI CJI0SI NMOUYTH TakKHM XKe 00-
pasoM, KaK M OT I'MyOHHBI Haipe3a B OTCYTCTBHE XPYNKOTO MOBEpX-
HOCTHOTrO cJiosl. Takasi aHAJIOTHS UMeeT MeCTO y MeTaJ/lJIOB KaK UyB-
CTBUTEJbHBIX, TAK H HEUYBCTBUTEJNbHBIX K Haapesy.

®opwm u Bonnyun {55] yKasbpBaloT, 4TO IPHBEIEHHOE Bblllle NPO-
cToe 06bsICHEHMe BJHSHUS XPYNKOro NOBEPXHOCTHOTO CJIOSl Ha MJa-
CTHUYHYIO CEepALEBHHY (C TOYKH 3peHHs TMOBedeHHs OCHOBHOTO MeTaJ-
Jla IpY UCMIBITAHUU €r0 Ha pacTsXKeHHe NP HAJHYHM Hampesa) Mo-
KEeT YCIIOXKHHUTBCS, €CJH NIPUHSATbBO BHUMaHue ApyrHe dakropol. Ha-
npuMep, HEKOTOPble rajJbBaHHYeCKHe NMOKPBITHS HACTOJbKO XPYIKAH,
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YTO MOTYT NpeXAeBPEMEHHO DPa3pyllaThbCs NPH HCNBITAHUH Ha pa-
cTAxeHue. JIpyrue e MOKPBITHs OGJafalOT HACTOJABKO CJabbiM
CLeNJIeHHeM C OCHOBHbIM METaJJIOM, YTO OTCJAHBalOTCA paHblie,
yem o6pasyercs HaJape3 B OCHOBHOM MeraJse. Kpome Toro, B mpo-
ecce CO3LaHHSl OXPYMUEHHOrO MOBEPXHOCTHOTO CJIOSI BO3HHKAIOT
OCTAaTOYHble HANPSIXKEHHsl, KOTOPble MOTYT NPHBECTH K TOMY, UTO
BOKpYT o0Opasylolleicsi (Npu UCOBITAHHH HAa PACTSKEHHe METaJJIoB
C XPDYNKHM NOBEPXHOCTHBIM CJIOEM) TpeIIWHBl BO3HHKHET HHOE Ha-
Npsi2keHHOe COCTOsIHHE, YeM Yy Hajapesa, IOJyYeHHOTO MeXaHHYeCKOH
ob6pabortko#i. Takum 06pa3oM, BJHSIHHE [OBEPXHOCTHOTO <CJIOS 8
3HaYyHTe/JbHOH CTENEHH 3aBHCHT OT THIA M CBOHCTB MOKDHITHSI HJIH
OT yCJIOBHH 06paGOTKH NMOBEPXHOCTH.

Bausanue nosepxHOCTHOU NAeHKU HA YCTAAOCTHYIO NPOYHOCTb

BeposiTHO, HU OJQHO HCCIeOBaHHe, MOCBSIEHHOe NMpoGJeMe yc-
TAJIOCTH, He MOXKET TakK IOMOYb NMOHHMAHHUIO MeXaHH3Ma 3TOr0 sB-
JIeHHsl H COAeHCTBOBATb NPeNOTBPAlLleHHIO YCTAJOCTHBIX paspylie-
HHI, Kak paGoThl, B KOTODbIX H3Yy4a/OCh BJIMSHHE COCTOSTHHS TIO-
BEPXHOCTH. 3a ' mocJelHHe ToAbl 0c0GOe BHHMaHHUe YHEJSJIOCH
H3YyueHHI0O AedopMauud B TPOIECCe YCTAJOCTH ' MeXaHH3Ma 3a-
POXJEHHS] H PacnpOCTpaHeHHs TPeLIHH, DblIO MoJyueHO MHOrO HH-
TepecHbIX NaHHBIX MO npoGjeMe YyCTajJoctH MerannoB. OIHAKG
OTHOCHTEJIbHO MaJi0 BHUMAHHUS YIENSJIOCh BJAHSHUIO NMOBEPXHOCTHBIX
MJIEHOK Ha YCTaJOCTh MeTasuoB, ITo aTomy Bompocy uMeercss orpa-
HUUYEHHOe KOJIHYECTBO paGoT, TIPOBOAMBLIMXCS TJaBHHIM 0GpasoM
C NMPHKJaLHOH Ledblo. B o6iiem OKHCHAs HJIM MeTajdJHyecKass Io-
BEPXHOCTHAS TJIEHKA MOXET BBI3HBATh MOBBILIEHHE YCTaJOCTHO!H
[IPOYHOCTH HJIH JAOJTOBEUHOCTH B TOM CJyuyae, €CJH IMOKPHITHe 06Ja-
HaeT 6oJiee BHICOKOH MPOYHOCTbIO WM TBEPAOCTBIO TIO CpPABHEHHIO
C OCHOBHBIM METaJIJIOM H He OTJIHYaeTCs] YPe3MepPHOH XPYMIKOCThIO.
TToBbilleHHAss XPYNKOCTb MOXeT NPUBECTH K IIPeXIEeBPEMEHHOMY
0o6pa30BaHHUIO TPELIHMH B NOKPHITHH, B pe3yJ/bTaTe Yero BO3HHKAEr
KOHLEHTPAUMA HaNpsKeHU#, CrnocoOCTBYIOILAsT YCKODEHHOMY pas-
pPYILUEHHIO.

YeranocTHas nmpOYHOCTb AHOLMPOBAHHHIX AMIOMHHHEBBIX CIJIa-
BOB H3yuasach B pabGorax [56—59]. Belo ycraHoBJseHO, 4TO Hasu-
yhe TBEPAON aHOAHPOBAHHON MJVIEHKH CHHXKAaeT yCTaJOCTHYIO MpoY-
HOCTb ONHOTO M3 cmyiaBoB Gosee ueM Ha 509, Torma kKax mJeHka,
noJiyueHHast aHOZMPOBaHHEM B XPOMOBOH KHCJOTe, TIOBBIIIAET yCTa-
JIOCTHYIO TPOYHOCTb H JOJIFOBEYHOCTb CIJIaBoB, IIpH HCIBITAaHUH Ha
ycranocth npu uarube {60] OblIO YCTAaHOBJIEHO, YTO aHOJAHPOBAHHOE
MOKPhITHE 3HAYMTEJIbHO CHHM3HJIO YCTAJOCTHYIO NMPOYHOCTH ORHOTO
13 aJIOMMHHEBBIX CIJIABOB.

HccnenoBalde BJHSIHUS TOKPBITHH Ha CBOHMCTBAa apMKO-XKese3d
[61] mokasano, 4uTO KepaMHueCKHe NOKPBLITHS MOBHILAIOT YCTaJOCT-
HYIO POYHOCTb M JOJITOBEYHOCTb METaJJia NMPH HaNpsXKeHHsX BbILIE
npefena BHIHOCAHBOCTH. B apyroit pabore {62] uccrenosaaucey rmo-
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KDBIThle KePaMHUKOH HepiKaBelolllie CTaNH. DbIO H3yueHO Takxke
BJIMSIHME HEOPraHWYecKOro NOKPHITHS Ha YCTAJOCTHYIO NPOYHOCTb
CBHHIIOBBIX CJ1aBOB [63].

OxHuM M3 OOBbIYHBIX METOJOB YJYYLIEHHs COCTOSIHUS TOBEPXHO-
CTH sBJISETCS HaHeceHWUe raJbBaHUUECKHX MOKpbITHIL. HauGosee mu-
POKO .pacnpOCTPpaHEHHBIMH NPOlECCAMH SBJSIOTCH XPOMHDOBaHHE
CTaJ/i YU aJIOMHHUS H aHOAMPOBaHUE aJIOMHUHUS, GOJiee PEIKO MIPOU3-
BOAHTCSA NOKPBITHE CTaJd OJIOBOM M UMHKOM. B paGorax [64—68}
H3y4aJioch BJHSTHUE XPOMHPOBAHHUS HA YCTaJOCTHYIO NIPOYHOCTh CTa-
au. PesynbTaTtel ompeaessiiorcs, MO-BUAUMOMY, PpsiioM (akTopos.
BKJ/IOYAIOIIHX CKOPOCTb OCaXKAEeHHS XPOMa, TOJILUHY CJIOS U PEKUM
TepMHUeCKoll 06paboTKH INocJe HaHeceHHs cjaos. B obueM xpomu-
pOBaHHe CHHIKAET Npejes BLIHOCJIMBOCTH; OTHOLIEHHe Npelesa Bbl-
HOCJIMBOCTH K NpeJeJy NMPOYHOCTH YMeHbIaeTCs C YBeJHUYEHHEM
TBEpPAOCTH cTaju. [ToKphITHE NO/MKHO OBITh TOHKHM H IIOCJe HaHe-
CeHUsl CJ0s XpoMa HeoO6XOJMMO NPOBOAUTH TepMHYecKylo 06pabot-
Ky. OCHOBHBIM BOTIPOCOM, KOTOPHIH HOJIXKEH GBbITb H3YYeH, SIBJISETCS
onpejeseHde POJIM BeJMUYHHBl M XapaKTepa OCTATOYHBIX HaTpsXKe-
HHH, CO30aI0LUXCS B MOKPHITHH. ‘

BuusiHMe KagMHEBOTO MOKPBHITHS Ha YCTaJOCTHYIO IIPOYHOCTS>
cranyu MaJgao usdydyeHo. OJHAKO MO JaHHBIM HEMHOTOUHCJEHHbIX HC-
cnexoBaHuil (69—72] KagMUpOBaHHe He NMPHBOJIMUT K 3HAYUTENbHOMY
CHHXXEHHIO Npelesia BHIHOCAHBOCTH. ['opsiuee LUHHKOBaHHe, MO-BHIH-
MOMY, CYLIECTBEHHO BJIMSIET Ha Tpeles BBIHOCAHUBOCTH CTaJjH, TOT1a
KaK LIMHKOBOE IIOKPBITHE, HAHECEHHOe 3JIeKTPOJHTHUECKHM NTyTeM, He
OKa3blBaeT BPeIHOI'O BJIHSIHHS.

HMeeTcss Ma/lo JaHHBIX MO BJHMSHHIO XPOMHPOBAHHMA Ha CBOMCT-
Ba agjioMuHHA. BupBosn (73] coofmaer pe3yabTaThl HCOBLITAHHS HZ
yCTaJIOCTh NPH KPYroBOM H3THOe C TIOCTOSIHHBIM MOMEHTOM o6paz-
OB QypajlOMHHA, NPOTPAaBJEHHBIX H MOKDPBITHIX TOJICTBIM CJI0eM
xpoMma. BplI0 moKa3zaHo, YTO TpaBJeHHe CHHXKAaeT YCTaJOCTHYIO
npounoctb Ha 159%, KoTopasi BoccTaHaBJHMBaeTCsl NOCJde HaHeCEeHH:
XpOMOBOro MmoKpuiTHs TonwuHoi 0,08 mm. B npyro#t paGore [74}
GbliiM MPOBeldeHbl CTaTHYECKHe UCNBITAHUSI M MCOBITAHHS Ha YycTa-
JIOCTb MaTepHaJioB, IPUMEHsIEMbIX B CaMOJIETOCTPOEHHH, MOKPBITHIX
XpOMOM U HHKeneM. Bo Bcex ciyuasix, 3a MCK/IOUYeHHeM NMOJHPOBAaH-
HOTO HHKEJIEBOTO NMOKDPBITHS, TIPH HCOBITAHMM Ha BO3[dyXe HabJoma-
JIOCh CHH2KEHHE YCTaJIOCTHOH NMPOYHOCTH.

[InakupoBaHHe CHHIKAET JOJTOBEYHOCTb aJIIOMHHHS, TaK Kak
BHeIIHsiss 000J0YKa OGBLIYHO H3rOTOBJSETCS M3 MaTepHasla MeHee
HPOYHOro, 0 CPABHEHHIO C cepAleBHHON. XOTs MIaKHPYIOLHH MaTe-
pHaJ cocTaBjsieT He6OJbLIYIO HOJI0 OT OOLLEH TOJIIMHBI JHCTA, OH
OKa3blBaeT CYylLeCTBEHHOE BJIHSIHHE Ha A0JroBedHOCTb. Bpuk u Pui--
aqunc {75] mokasaJnu, YTO NJ1aKUPOBAHHE CHHXAeT JOJTOBEYHOCThb-
npuMepHo Ha 35%. AHasloruyHble pe3yJbTaThl ObIIH TNOJYYEHH H.
APYTHUMH HccaenoBaTenssMu [76—79]. '

Cysyku [80] usyuan ¢urypel nepopmauuy, obpasymoouiHecss Ha:
MOBEPXHOCTH MEIHOrO MOKPHITHS NMPH HCNBITAHHUH Ha ycTajocTb. ITo--
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KDbITHE HAHOCHJIOCH 3JIEKTPOJHUTHYECKH HA MejHble criaBbl. OcHOB-
HOe BHHMaHHe YyJens/och u3yueHuio ¢uryp nedopmaluu, co3faBae-
MbIX 06pa3yIOLIUMHCS Ha IOBEPXHOCTH oOpaslia TOYKaMH, PacroJio-
JKEHUIO 3THX TOYEK H BeJHYHHE MAaKCHMAaJbHOTO KPUTHUYECKOTO Ha-
NpsiKeHUs cABUra. BiMsHUe MOKPHITHS Ha YCTAJOCTHYIO MPOYHOCTD,
OUYEBHIHO, HE HCCJIEN0BaNOCh.

Jlurepatypa mo KOPPO3HOHHON YCTAJOCTH U BJHSHHIO KHIKHUX
MeTaJJIMYeCKUX Cpejl HaCTOJIbKO OOLIMPHA, YTO He MOXKeT ObITb pac-
cMoTpeHa B He6oJbLIOM 0630pe.

W3 xpatkoro o63opa paGoT MO BJHUSIHHIO TBEPABIX NMOBEPXHOCT-
HBEIX NJEHOK Ha YCTAaJOCTh METAaJJIOB CJeLyeT, YTO HMeeTcsl OueHb
HEMHOro (pyHIAaMEHTaJbHbIX HCCJAENOBAHHH, CIIELHAJbHO MMOCBSILIEH-
HBIX BJIHSIHHIO OKUCHBIX U METaJJIMYeCKHX NJEHOK. Mexay TeM mpo-
6JyieMa 3Ta 3aC/ayKHBAaeT BHUMAaHHS BeJelcTBHe 60JbIION TpaKTHYeC-
KO BaXXHOCTH M Hay4YHOIO MHTepeca.




MOBEPXHOCTHO AKTHUBHBIE BEWIECTBA H 3JIEKTPOJIUTHI -
OcHosHole TeopeTuweckue npednocelaku

XuMHueckoe U (u3HYECKOE COCTOSIHHE MOBEPXHOCTH HMEeT Bax-
HOe 3HaueHHe NPH PACCMOTPEHHH BJIMSIHHS MOBEPXHOCTHO aKTHBHBIX
BELIECTB M 3JIEKTPOJHTOB Ha MeXaHHUYeCKHe CBOMCTBAa MaTepHaJIOB.
OpnHako 3TOT BONPOC He MOXKET GLIThb PacCMOTPEH AOCTATOYHO MOJI-
HO B HalleM o630pe; 31echb GYILYT OCBELIEHHI JIHIIb HEKOTOPbIE HaH-
6oJiee BaXKHble CTOPOHBI 3TOH MPOGJIEMBI.

Tak Kax MOBepPXHOCTb CXKHMAEeTCsl CAMOMPOU3BOJILHO H IIPH 3TOM
IPOMCXOJHUT BhIJejeHHe CBOOOLHOM 3HEPTHH, TO AJS PaCTSIXKEHHA
NMOBEPXHOCTH He0OX0MUMO nmpouaBecTH pabory. [Ipu peméenuu Bompo-
COB, CBsI3aHHBIX C NOBEPXHOCTHBIMH SIBJE€HHSIMH, IIOYTH BCerja BMec-
TO CBOGOJIHOM SHEPTHH PacCMaTPHBAIOT TMHIMOTETHYECKOE HATSXKEHHE.
IIpuHuMaloT, YTO 3TO HaTsIXKEHHUE AEHCTBYET BO BCeX HallpaBJIEHHAX
nmapaJJieJbHO OBEPXHOCTH H PaBHO CBOOOJHOH MOBEPXHOCTHOM
3Hepruy. Takoe NOBEDXHOCTHOE HaTSIXKEHHE HMEET Ty XKe pasMep-
HOCTb, YTO M TNOBEpPXHOCTHasi 3Heprus (macca/spems). Pabora, 3a-
TpauuBaeMasi MpH pacTsiXKeHuH 1 cm? moBepxHOCTH (HaTsKeHHe Ta-
KOIi TNOBEPXHOCTH pPaBHO Yy OuH/cM), COCTaBJsieT y 3pe/cm? u paBHa
cBoGoaHOl moBepxHocTHOH sHepruu. I'm66¢ [81] ykaswiBaer, uTo B
TBEPABIX TeJaX IOBEPXHOCTHOE HaTsIXKEHHE H MOBEPXHOCTHOE Hamps-
JKEeHHe SIBJSAIOTCS Pa3HbIMH NMOHATHAMU. [I0BEPXHOCTHOE HANpsIXKEHHE
XapakTepusyer paboTy, KOTOpPYIO HeoOXOOHUMO 3aTpPaTHTh AJS Je-
¢dopMauuy NOBEPXHOCTH, a NMOBEPXHOCTHOE HaTsXKeHHe — paboTy,
KOTOPYIO HEOGXOAUMO 3aTPATHTb IJIsl CO3LaHHSI HOBOH NMOBEPXHOCTH.
Bynyr qiu 3TH IBe BeJIMYMHBl Pa3/MYaThCs B YHCIOBOM BHIPAXKEHHH,
3aBHCHT OT CTATHCTHUECKON MeXaHHKH paclpeneseHHs aTOMOB HJIH
MoJieKys1 Ha mnoBepxHocTH [82]. B o6iieM moBepXHOCTHOE HampsiKe-
HHe Y TOBEPXHOCTHOE HAaTsKEHHe OJHHAKOBHl y XHIKHX Tel H
oTaHYaloTess Apyr or apyra y tBepAabix. OpoBan (83] npuBoauT npo-
CcThie JO0BOIBl B IMOJb3y TOrO, YTO y TOMEONOJISIPHOTO KpHCTaJsIa
MOBEPXHOCTHOE HANpSKEHHe MOXKeT ObITb CKOpee CXKHMaIOILHM,
yeM pacTATHBAIOLIUM, B TO BPEMS KaK pacueThbl, NpOBefeHHbIe JleH-
HapaoMm-[IxoucoM u JlentoM (84], moKa3bIBalOT, YTO y HOHHBIX KpHC-
TaJIJIOB THIA KaMEHHOH COJIH NMOBEPXHOCTb HAXOAUTCS B PACTAHYTOM
cocrosinuu. LIyrrensBopc [85] npousBesn GoJiee TOYHBIH pacyeT AJA
KPHCTaJ/IJIOB MHEPTHBIX a30B H ILEJOYHBIX TaJ/JIOMIAOB H MOKa3sal,
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YTO BEJHYHHA NOBEPXHOCTHOTO HAMNpSI)KeHHSI (XOTS ero 3HaK TOYHO
He U3BECTeH) 3HAYHUTEIbHO OTJIHYAETCS OT BEeJHYHHBI TOBEPXHOCTHOI
3SHEPTHH. DTOT BBHIBOJ, MOATBEPXKIAIOLUIHH pa3iuyue MeXIy MOBepx-
HOCTHBIM Hamnpsi)KeHHEM H MOBEPXHOCTHEIM HAaTsI’)KeHHeM, BeCbMa Ba-
JKeH, TaK KaK MHOTHEe HCCJAEeNOBaTesH, H3yYalolHe MOBEPXHOCTHbIE
SIBJIEHHS] B TBEPABIX TeJaX, [0JAaramoT, YTO OHH NOJKHBI OBITH paB-
Hel. Bompoc elie GoJiee yCIOXKHSIETCS, €CJH yYecTb HaJHMYHe JHCIO-
Kalluil WM 3a6JOKUPOBAHHBIX TDYNN [OUCJIOKALMH Yy MOBEPXHOCTH.
B stoM ciyuae uMeer MecTo JIOKaJbHAsi KOHIEHTPAaLHsl MOBEPXHOCT-

4 —1%» 7 é,

A A
________ i ,
b 8
5 . A 5 4y
a J

Puc. 19. Cxema I'mb66ca nns onpenesneHus
«MOBEPXHOCTHOro H30biTKa» [81]

HBIX HaNpsi)KeHHH B yuacTKax aTOMHoro Macurtab6a. Kpoeme Toro,
BCJIEACTBHE BJIMSHHS JHUCIOKALHH, Pacnosaramlluxcs 0L IHOBepXx-
HOCTbIO (Ha ryyOuHe, paBHOM MO MeHbILUEel Mepe CPeXHEMY paccTosi-
HYI0 MEXIYy NUCIOKALHSIMH) BO3HHKAIOT ellle JOMOJIHHTEJNbHbIE KBa-
3HIOBEpPXHOCTHble HampsixkeHnus. Hanpsixkenus pacmpocTpaHnsiorcs
elle gaJjplle B riay6b KpHCTajjaa, eClH UMEIOTCS 3a6JI0KHPOBaHHBIE
rpynmbl AHCJIOKaLHH. : .

H3MeHeHHe KOHLEHTPAUWH OJHOTO H3 KOMIOHEHTOB B pPacTBOPE
HWJIM B Ta30BOM CMECH Y IIOBEPXHOCTH HasbiBaeTcsi ajcopOiueii.
Apncop6uusi cuHTaeTcsl MOJOXKHUTENbHOH, KOTJa KOHLEHTpaluus OXHO-
ro U3 KOMIIOHEHTOB Ha MOBEPXHOCTH YBEeJHYHBAETCs, H OTPHLATE/b-
HO¥ NpPH YMEHbLIEHHH KOHLEHTPALMH KOMIIOHEHTA.

Has cnyuas pacrBopos I'u66¢ {81] onpenensier siBieHue agcopo-
UHH HJIH «TIOBEPXHOCTHOrO H3OBITKa» KakK MpOoLece, B pe3yJbTaTe KO-
‘roporo o6liee comep:KaHHEe ONHOTO H3 KOMIIOHEHTOB B (DaKTHUECKH
CYLIECTBYIOLE} CHCTeMe NMpEeBHIIIaeT ero CofepKaHHe B HeasbHOM
cucreMe, B ¢daktuuecku cyuectByloueii cucreme [puc. 19, a] ropu-
"30HTa/IbHble MYHKTHUPHblE JHHHU 0003HAYalOT (IPUMEPHO) IIpemesbl
CYILeCTBOBaHHs MepexoaHoii objactu Mexay c¢asamu A u B. Jlu-
HMS, MIepIeHIHKYAsIpHasl NJIOCKOCTH, BpalllaeTcsi TAKHM 06pa3oM, 4To
B pe3ysabTaTe co3faercsi 00beM C MJIOLIAJbI0 NMONMEPEYHOTo CeYeHHS
A, nepnenaukyasipHoi noBepxHoctd. O6beM orpaHuyMBaercs IJOC-
KocTsMH P4Qa u PpQp, napanienbHbiMu (H3HUECKOH MOBEPXHOCTH,
4 3axas 1837 49



KOTOpHIe NPOBOASITCS B TOYKE, IIe COCTaB KaXKA0H (pasbl CTAHOBHTCSH
TaKHM XKe, KaK U B lleHTpe. B sToM o6beMe Oyner coaepxaTbes OI-
pefieJleHHOe KOJMYEeCTBO KaXKJOro KOMNOHeHTa. B uueanbHo# cucre-
Me (puc. 19, 6) ¢a3bl pa3neneHbl MaTeMaTHUYECKOH MJIOCKOCTBIO XY,
napaJgJnenbHOH (U3HYECKOH NMOBEPXHOCTH; cocTaB obeux ¢a3 ocra-
eTcsi abCOJIIOTHO HEH3MEHHBIM BIJIOTb 1O IOBEPXHOCTH pasnena. Ko-
JINYECTBO KaXKJOro KOMIIOHEHTAa B HAEaJbHOH CHCTEME 3aBHCHT OT
TI0JIOJKEHHST IOBepXHOCTH X V.

I'u66c, ucxons U3 TEPMOLMHAMHUECKHX CBOMCTB 3TOH CHCTEMHI,
BHIBEJI CJefylolllee ypaBHEHUE;

d'Y: SdT_'_Fldp.l—depg...—-Fid}"n (1)

rie S — suTpomnus;
F; — noBepXHOCTHbIA M30bITOK KOMIIOHEHTa i;
Wi — XUMHYECKHUH MOTEeHIIHaJ.
JLJ1s1 cHCTeMBI, COCTOSILEH M3 ABYX KOMIIOHEHTOB (pacTBOPHTENS
H pacTBOPSIOLIErocs BeLlecTBa), NPH MOCTOSTHHOH TeMmeparype

d, = — Fydp, — Fodp,, (2
ec/d moBepxHocTb XY pacmoJsaraercsi TakKuM o6pasoM 4yTO H3-
ObiTKa MEPBOTr0 KOMIIOHEHTa HeT

dy = — Fodp.,. (3)
O603HauuM KO3(hGhHIHEHT aKTHBHOCTH BTOPOT'O KOMIIOHEHTa 4e-
pe3 f2, a ero MOJIIpHYIO KOHLEHTpauuio yepe3 N, Toraa
. d~( _ — RTng lﬂ ngg, (4)
rue
= p? +RT Inf,N, ®)
YpaBHenue (4) MoxeT ObLITb NepemHCaHO CJeLylOLUM 06pasoM:

g =

falNy At . (6)
RT 0 (faN,)

Hns uneasbHBIX H pa36aBIeHHBIX PAaCTBOPOB, KOTJa HX KOHIEHT-

pauys MPOMOPILMOHAIbHA MOJIIPHOH KOHLEHTPAUUH H fo = 1
Fy— GO (7)
RTOC,

Cnoco6HOCTh KHIAKOCTH CMauyHBaTh NOBEPXHOCTh MOXKET Xapak-
Tepu3oBaThca yriom Kourtakta 6 (puc. 20). ITpu 6 = 0 TBepmoe
TeJO0 CMayMBaeTcs MOJIHOCTbIO, npu 0, paBHOM KakoMmy-HHGYAb On-
pelesieHHOMY 3HAaYeHHIO, TBEPAOE TEJO CMaYHBAeTCsl YaCTHYHO. YTOa
KOHTAaKTa MOXeT GHITb H3MePEH CKBO3b XKHIKOCTb IIyTeEM KOHBEKLHH.
[To- CamHuepy {86] 3aBuCHMOCTb MeXAy YIVIOM KOHTaKTa M MOBEpX-
HOCTHBHIM HAaTSIXKEHHEM BBIpaXKaeTcsl CJAeAYIOLIMM ypaBHEHHEM:

Ysy — Vs = Yoy €080, ®)

rne S, V u L TBepaas, ra3oo0pasHas M KuIKas (asbl.
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,E[anpe [87] nokasan, uto o6patuMas paGoTa cuenseHuss Wu
XKHJKOH H TBEDIOH (a3 cBA3aHa co CBOGONHOH MOBEPXHOCTHOM IHEp-
THEH C/IeAYIOLUIMM BbipaXKeHHEeM:

Wa =Yg+ Yy — Vsp» ®)

rie yg, — CBOOONHAsi SHEPrHsl Ha NMOBEPXHOCTH pasjeja TBeplas
(¢aza — BakyyMm.

i \
7%

Puc. 20. Mermon onpegesieHHss yrJa KOHTaKTa

OGpartumas paGora cuenenus x)uakocti — We pabHa

We=2y,,. (10)
ComnocraBJusis ypaBHeHus (8) u (9), noayyum
W, = (1se— Tsy) + 1oy (1 + cosb), (1

rie BhIpaXkKeHHe Ygo — Ysy XapaKTepH3yeT yMeHblleHHe cBOGOAHOH
SHEPTHH NPH NOMeIleHHH TBEPAOro Tesa B HaCHILIEHHBIH map Kuni-
KOCTH.

Kynep u Haranas [88] onpenenuyu yc/a0BHA pacTeKaHHS XKHA-
KOCTH 6 10 TBEpAOMY (HJIH XKHIKOMY) TeNdy a:

IJsi caydasi pactekaHus S > 0;

IJIsi cayvasi oTcyTcTBus pacrekaHuss S~ 0,

rage
S = Ta™ (Té + Taﬁ)’ (12)
a TakKxe
S—=Wai—We (13)
HJ/IH
S = 0F/0s,

rie F — cBoGoaHasi SHePTHS CHCTEMBI;
0 — MJIOLIAlb OBEPXHOCTH..

ComnocraBasis ypaBHeHuss (9), (10) u (13) moayuum:
oF
S=— % = TS°_YSL—TLV' (14)
Muorue uccneoBaTenn OODBACHAIOT BJIHSHHE MOBEPXIOCTIIO AKTHB-
HbIX BELIECTB MPOHHKHOBEHHEM XKHAKOCTH B MesbYaillIHC TPeLiHHbI
UM Kanuanaspbl. Takasi TpakToBKa BONPOCA OCHOBLIBAETCA Ifa pas-
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HUlLle B NaBJeHHH AP momepek MeHHCKa B TPYGKe paaMycoM r M Ha
€ro CBSI34 C YIJIOM KOHTaKTa 0,:

AP = 27056 (15)

r

( I[Jlg cny)qaﬂ, KOrja  MaTtepudaj  CMauyhBaeTcd  IOJHOCTBIO
cos =1

’

AP, = % (16)
B ciyuae HeGoJBIIMX KaNHAJSPOB, HAM MHKPOTpelluH AP MoxeT
OBbITb OueHb GOJIBLIUM.

Ilpu morpykeHuu Meranna B Cpely, COAEPKallyI0 OPraHUYeCKUe
MOJIEKYJIbl C NOJISIPHBIMH IPYNNaMH, BHayaJe NPOUCXOIUT NPHUTSIKE-
HHE MOJIeKYyJ K NOBEPXHOCTH TaK Ha3blBAeMBIMH <«CHJIAMH 3€PKajib-
HOro n306paxXeHUsl», a 3aTeM — XHMHUECKOe B3aHMOJEHCTBHE MOJe-
KyJ C TOBEPXHOCTHBIMM aTOMaMM aACOPGHPYIOLIETO Mefawlia.
Ha6pucait {89] u Ilparron [90] ycTaHOBH/IM, UTO KHDHBIE KHCJOTHI
B3aUMOJEHACTBYIOT €CO MHOTMMH MeTaJjJaMH, 00pasys COJIH, HO TOJb-
KO Iocsle 00pa3s0oBaHHS OKHUCH MeTaJlJa.

Taiuras (91] nokasad, uto muas o6pa30oBaHUA COJiell MeTaJssa He-
06X0IMMO TaKkKe IPHCYTCTBHE BOJIBI.

HenaBuo Cwmur ¢ corpynuukamu [92, 93, 94] ycraHoBHaH, 4TO
YHCTHIE, CyXHe, CBOOOIHbBIE OT OKMCH MeTaJlIbl MOT'YyT peardpoBaTh C
JKUDHBIMHM KHCJIOTaMH IpH OOBIYHON TeMiepaTrype, o6pasys IJIeHKH
MblJla METaJJI0B, HO TOJBKO NpPH HAJHYUH CBexeoOpasoBaHHOH MOcC-
Jie pe3KH UM HabpeHHs NOBEePXHOCTH. Takas MeXaHHYECKH aKTH-
BUPOBAHHAas IOBEPXHOCTh COXPaHSETCs HENOJNTO M GBICTPO HCYe3a-
€T, a peaKklus He NPOHCXOLUT Ha CTAPOH IIOBEDXHOCTH. ABTOpHI
CBSI3BIBAIOT 3TO siBJeHHe ¢ 3ddekrom Kpamepa {95, 96]. Dddexr
3TOT CBsI3aH C OCOOBIM CBOHCTBOM CBeXeoOpa30BaHHOH MeTaJJjuye-
CKOM MOBEPXHOCTH; ¥ TAKOH MOBEPXHOCTH paboTa BBIXOJa 3JEKTPOHA
IpY KOMHATHOH TeMIepaType 3HAUHUTEJbHO HHXKe, YeM Yy CTapoil.
Kpamep noxasaJ, uTo TakHe 3JEeKTPOHBI MOTr'yT OBITh ONpeLeseHHl C
NOMOILbI0O BHIOM3MEHEHHOrO cueTyrKa [eiirepa. dueprusi mogo6HOroO
3JIEKTPOHA OLEHHBAEeTCsl NMPHUMEPHO B UYEThIPE 3JIEKTPOHOBOJBTA.
DTOoi1 SHEPTHHU BIOJIHE NOCTATOYHO IJI OCYLIECTBJIEHUS peaKLUH Me-
XKy CTeapHHOBOH KHCJIOTOH M Meblo ¢ 06pa3oBaHHEM cTeapara Me-
mu. CBobGosmHas sHeprusi 3TOH peakKuHu paBHa 46,86 xxaa/moas u
MOCKOJIbKY Ka Kbl 3JIEKTPOHOBOJIBT 3KBHBajieHTeH 23 KKa4/moas,
TO BIIOJIHE JOCTAaTOYHO 3HEPLUH [JIsI OCYILECTBJEHHS 3TOH peakKLUH.

CxopocTh 06pa30BaHHUsl MJEHOK MblIa METa/JIOB Ha MX MOBEpX-
HOCTH He Bcerja OblBaeT 60JbUIOH, NO3TOMY BO MHOTHX ClyyasiX He
o6pasyeTcsi CIUIOLIHOTO MOHOMOJEKyJasipHoro cmaosi. JJo6u u Monke
[97] nokasanu, yTo MpH OGLIYHBIX TEMIEpaTypax TOJbKO YETBEPTas
YaCThb MOJIEKYJ B aAcOpOMPDOBAHHOM Me€Ibl0 MOHOMOJIEKYJISIPHOM
CJI0€ CTeapHHOBON KHCJOTH CBsSI3aHA XHMHYECKH C MOBEPXHOCTBHIO.
Opnako CMHUT ¢ COTPYAHHKaMH YCTaHOBMJI, YTO HOPMaJjibHasi HOHa-
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JIeKaHOBasl KHCJOTA, BHIAENSIONIAsCS B PacTBOPax UMKJOreKcaHa,
B3aMMOJIEACTBYET CO CBexXeoOpa30BaHHEIMM II0CJIE PE3KH IOBEPXHO-
CTAMH MeJH, CBHHLIA, aJIOMHHHS M MarHusi ¥ o6pasyeT CIJIOLIHYIO
MOHOMOJIEKYJ/IAPHYIO ILJIEHKY.

Hucman ¢ corpynuukamu {98] o6HapyKUIH, YTO BO MHOTHX CJIy-
gasiX, KOUJla BpeMsl NMOTPYKeHHs Merajja MaJjo, o6pasyloTcsa cme-
WIaHHbIE IJIEHKH, COCTOSILIHE U3 PACTBOPHTEJNS H MBLIA XKHPHOH KHC-
JOThl. 17151 TOro YTOGEl Ha MOBEPXHOCTH MeETaJlja, MOTPYKEHHOro B
pacTBOp rekcajekana, 06pasoBaJcsl CIJIOUIHOH MOHOMOJIEKYJSIPHBIH
cioit pokocunamuHa (CgoHisNHj), HeoGxonuma BeIgepKKa B Teue-
Hue 20 yac.

Bausnue NOBEPXHOCTHO AKTUBHbLX B8eULects

Jl:aBHO M3BECTHO, UTO MMOBEPXHOCTHbBIE MJIEHKH HJIH JBOHHBIE 3JIEK-
TPHYECKHEe CJIOM H3MEHSIOT IOBEPXHOCTHYIO SHEPTHIO XKUJIKUX H TBep-
nbix ten. IlostoMy BHoJiHe BepPOSITHO, YTO TaKHe IJIEHKH BJIHSAIOT H
Ha MeXaHHYeCKHe CBOHCTBA TBEPHBIX Tes. DTO siBJieHHE OBLIO MOJ-
po6uo usyueHo B CoserckoM Corose Pe6uHIepoM U ero COTpyAHHKA-
MM Ha MOHOKDHCTaJj/JaX M NOJHKPHCTAJJIHYECKHX 0o0paslax MmeraJ-
0B u HeMmeTasyoB. TepMmuH «3ddext PeOunnepa» o3nayaer, uTo
IIpU MOTPYKEHUU TBEPABIX Tesa (C OKHCHOH IJIEHKOH u 6e3 Hee) B
pPacTBOp HEKOTOPHIX MOJISIPHBIX BelleCTB (Ha3blBaeMEIX MOBEPXHOCT-
HO aKTHBHBIMHM BellleCTBaMHM), HAallpUMeD OJIEMHOBOH KHCJOTHI HJIH
LI€THJIOBOTO CIIUPTAa, MPOUCXOJUT H3MEHEHHEe MeXaHHYECKHX CBOMCTB.

Pe6unnep B 1926 r. Bnepsole OGHAapYKHUJ BJIMSHHE MOXOGHBIX
MOBEPXHOCTHO aKTHBHEIX BELIECTB NPH U3MEPEHUH TBEPAOCTH MHHE-
pajioB MasiTHHKOBHIM npuGopom. B nasbueiiuem {99, 100] Gbino
[I0Ka3aHO, YTO NOBEPXHOCTHO AKTHBHBbIE BeLeCTBA BJHUSIOT H Ha Te-
Ky4YecTb MeTaJJIOB. BBLIO yCTaHOBJIEHO, UTO MOJI3y4YecTh CBHHIIOBHIX,
OJIOBSTHHBIX H MEJHBIX JIUCTOB I10J TOCTOSIHHOHM HArpy3KOM NMpPH HCIIBI-
TaHHM HX B YIVIEBOJOPONHOM (mapadHHOBO#) BaHHE, 3HAUUTEJIbHO
yBeJHYMBaeTcs Npu A06aBJeHUH K BaHHE HeOOJbIINX KOJHYECTB IO-
BEPXHOCTHO AKTHBHBIX BEIECTB: LETHJIOBOIO CIHPTA, HOPMAaJbHOTO
pacTBOpa BaJIepbsSIHOBOM HJHM T'€HTAaHOBOH KHCJIOT, CTeapHHOBOI,
OJIEHHOBOM, NaJbMHTHHOBOH H LIEPOTHHOBON KHCJIOT. Kak u B cay-
yae HEMETAJJIOB, CTeNeHh pPa3ylNpPOYHEHUsT 3aBUCHT OT KOHIIEHTPaLHUH
AKTHBHOTO BellecT8a M AJMHHBI aKTHBHOH MoJekyJbl. OcoGblil HHTe-
pec npeacrasiisieT oGHapyKeHHAss 3aBUCUMOCTh MeXIy H3MeHeHHeM
MeXaHMYeCKHX CBOHMCTB M KOHIeHTpauueil pacrsopa [100, 102, 103].
Ha puc. 21 noka3aHo H3MeHeHHe MOJ3YYeCTH MOHOKDHCTAJJIOB 0JIO-
Ba B 3aBHCHMOCTH OT KOHIIEHTPallMd NOBEPXHOCTHO AaKTHBHHIX Be-
urecTB; B Tabs. | NPUBOAATCS AaHHble IO M3MEHEHHIO Ipejesa Te-
KYYecCTH.

Ilpemen TekyuecTH c yBeJHYeHHEM KOHIEHTDAalUHM pacTBOpa CHa-
yajla yMeHbLIAeTcsi, a 3aTeM BHOBb IMOBHIIaercsl. M3ameHeHHe CKo-
POCTH IMOJI3YYeCTH C KOHLEHTpPalLMeH TaKxKe CBHIETEJbCTBYET O Ha-
JUYuK 3¢ peKkTa pasynpoyHeHHUs.
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Ta6auna 1

MexaHnuueckue cBOACTBA

CopnepxaHnue OJIeHHOBOR KHCJIOTH
B BaseJIMHOBOM MacJje, %

0 0,1 | 0,2 ’ 0,5 1
Ipenen Tekyuectu, 2/mm? . 250 | 210 145 180 | 200
KostdpuupueHT Haknena . . . - 0,54 | 0,42 | 0,11 | 0,21 | 0,24
IInpuHa MOJOCH! CKO/BbIKEHHS, e . 52 38 36 8,5|9,5

IIpumeuanue Juamerp Kpuctaana 0,76—0,96 mum; 41° <y, <<48°% e=4,8% mun—1

ABTOpr rnoJsaralT, YTO MaKCHMYM Ha KDUBBIX H3MEHEHHS Ipene-
Jla TEKY4YECTH H CKODOCTH ITOJI3YyYE€CTH B 3aBHCHMOCTH OT KOHIIEHTpa-
IHH NOJIAPHBIX MOJIEKYJ COOTBETCTBYET oépaaoBaHmo MOHOMOJIEKY-

JsipHOTO CJosl. KoHlLeHTpauus pacTBopa, COOTBETCTBYIOLAs
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Puc. 21. [ToasyyecTh MOHOKPHCTAJNIOB OVIOBA B [PacTBOpax
|pa3VIMYHBIX TIOB@PXHOCTHO AKTHBHBEIX BEIEeCTS.

1 — pacTtBOp
KHCJIOTHI;

NPONTHOHOBOM

mesib — oKTaH {6]:

CTeapHHOBOMX KHCJIOTHI,
3 — pacTBop

2 — pacmeop

KHCJIOTHI;

OJIGHHOBOK KHCJIOTH

Pactsopu-

KanpHJIOBOH
4 — pacTtBOp

MyMY, YMeHbIIAaeTcsi C yBeJHYEHHEM MOJIEKYJ/SIPHOrO Beca rOMOJO-

THYECKHX OpraHHYecKHX BellecTB B 1,3—

1,4 pasa naa KaxXxnaod cBf-

3u — CHs. YkaswiBaercsi, UTO NpUpPOLA PAaCTBOPUTE/S TaK¥Ke Hrpaer
GOJIBIIYIO POJIb. ¥CTAHOBJIEHA 3aBHCUMOCTb MeX/y CTENEHbIO CHHXKe-
HHSI CONMPOTHBJIEHHS IIOJIBYYECTH U Mpelesa TeKydyecTH H OpPHeHTalH-
HauGosbilee pasynpouHeHHe HabJ04aJ0Ch,
KOT/1a yroJ %o Obla paBeH 45°.

el MOHOKDHCTAaJJ0B.
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JluxTMaH c corpyaiukamu [103] mokasauu, YTO HHTEHCHBHOCTD
BO3/lefiCTBHS MOBEDXHOCTHO aKTHBHBIX BEILECTB HA XapaKTePUCTHKH
TeYeHHs] MeTaJlJI0B CYLIECTBEHHO H3MEHSIeTCs] B 3aBHCHMOCTH OT TeM-
gepatypsl W ckopocT Aedopmauun (puc. 22). Onm wHccrenosanyu
BAHSTHHE NOBEPXHOCTHO aKTHBHBIX BELIECTB Ha MeXaHHYEeCKHe CBOH-
CTBa MOHOKDHCTAJIJIOB 0JI0BAa H CBHHUA. B 3THX OMNBITax BeJIHYHHA
acop6LUHOHHOrO 3¢ heKTa XxapakrepH3oBasach MOHHXKEHHEM Pa3py-
warouero HampsxKenus. I1pu 20° MakcHMaJsbHbIA axCOPGIHOHHBIN
apdexr Habmawogaercd MPH CKOPOCTH necpopMauopm nopsaka
250% mun—!. TIpu noBwilienn: TeMmepatypbl 10 100° kpuBas cme-
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N N
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0 507157100 200 300 400 500 900 7500 2000

Cropocmes degopmayuu o % mur”’

Puc. 22, Wamenenwe BeSTHUMHBL amcopOuUHOHHOrO 3¢rpeKna, BHIpaXKeHHOe
8 MOHHMKEHHH (pazpyliaolleno HanpsxkeHus (AP), B 8aBHCHMOCTH OT
OKOpIOCTH medopManuy ¥ Temnepanypst {103]:

1 — oneuHoBas Kucjaora, 20° 2 — najabMeTHHOBas Kucjaora, 20°; 3 — LETHJOBLIK

cnupT, 20°; 4 — oseuHoBas KuciaoTa, 100°

ulaeTcss U MaKCHUMAaJbHBIH ancopOuuoHHBIN 3(dekt Habawopaercs
yXKe npu ckopoctu Aedpopmauuu 1000% musn~!. Tun noBepxHOCTHO
AKTHBHOIO BellleCTBa, MO-BUAMMOMY, He BJHSIET Ha BEJHYHHY CKOPO-
CTH JedopMalMH, COOTBETCTBYIOUlel MaKCHUMaJbHOMY aJcopGLHOH-
HoMy addekty. OnenHOBass U MaJTbMETHHOBAsI KUCJIOTHl H L€THJIOBBIH
CIIUPT AAIOT MAKCAMYM aAcOpPOUHOHHOTO 3¢ deKTa [Jasg MOHOKPH-
CTaJlJIOB CBHMHLA NPH OJHOH M TOH Ke CKOpocTH nedopmauuu. s
MOHOKDHCTAJIJIOB 0JIOBa MaKCHMYM ajacopOuuoHHOro 3¢ deKra mpH
20° nosnyyaercst npu ckopoctu gedpopmauuu 5% mun~!, a mpu 100°
MaKkCUMyM ajgcop6uuoHHOro 3¢ dekra Habmonaercs npu 500% mun='.

ITonyyeHHble pe3yJbTaTh, 0 MHEHHIO HCCJeLOBaTeNel, CBHIE-
TEJbCTBYIOT O TOM, YTO (pU3HUecKas* aacopOLHUs HrpaeT BaXKHYIO
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posb. B TOo BpeMsi KakK OJIEHHOBAsl H MaJbMUTHHOBAS KHCJOTHl MOTYT
06pa3oBbHIBATh XHMHYECKHE COeJUHEeHHs (oJieaT M MaJbMHTAT CBHH-
1a), UETHJOBLIH CIHUPT HE NaeT HHKAKUX COENMHEHHH. YMeHblIeHHe
ajcop6uHOHHOrO 3 dekTa 0OBACHAETCS H3MEHEHHEM XapaKTepa al-
cop6uun. Ilpenmnosaraercsi, YTo MPH BEICOKHX TEMIIEPATypax MONKET
UMeTb MEeCTO XMMHYecKas ajfcopOlusi, B pe3yJbTaTe Yero IOJBHK-
HOCTb aJCcOpOHPOBAHHBIX MOJIEKYJ yMeHbluaeTcs. B cBsiau ¢ 3TuM
KOJIMYECTBO MOJIEKYJI, CIIOCOOHBIX MPOHHKHYTh B MHKDOTPEIIHHbS
(npucyTcTBHE KOTODBIX Ha MOBEPXHOCTH IpexnoJaraerca o6si3a-
TeJbHBIM), YMeHbIIaeTcs.

BnusiHue MOBEPXHOCTHO AaKTHBHBIX BEIlECTB Ha pa3Mep I10J0C
CKOJIbXXeHHS B J1e(DOPMHPOBAaHHBIX MOHOKPHCTAJ/JIaX 0JI0OBa, CBHHI2
H aJIOMHHHSI H3ydYaJochb COTpyAHMKaMu PeOunnepa. Mac/jeHHHKOB
[104], npumMenus MeTo MUKPOKHHOCHEMKH (64 Kaipa B CEKYHAY), YC-
TQHOBMJI, YTO B IPUCYTCTBHH IIOBEPXHOCTHO AaKTHBHBIX BellleCTB 00-
pasyloTcsl BeCbMa TOHKHE, paBHOMEPHBIE IOJIOCH CKOJIbXKEHWS IIH-
puHO#t 3—4 Mk, TOrIa KaK NPH HCIOBITAHMM Ha BO3IyXe IIMPHHA
06pasyoLuxcsi 10J0C CKOJMbXeHUs1 paBHa ~950 mkx. B pesysabrare
H3yYeHHUsI MOJ 3JEKTPOHHBIM MHKPOCKONOM OKHCHBIX DEIIHK, MOJY-
YeHHBIX C MOHOKPHCTAJJIOB aJIOMHUHHS, N1e(OPMHPOBAHHEIX Ha 75%
B nmapauHoBOM MacJje, Mac/leHHHKOB MOKas3aJj, YTO NpPH yBeJjuue-
Huu ot 14000 no 16000 pa3 mupHHa MOJIOC CKOJIbXKEHHUS, XOTS U KO-

o
JgebeTcs B 3HAUUTENbHBIX  Ipelenax, HO He mpeBbimaer 1000 A.
o

HexkoToprie mosiocel cKoJibxKeHusl uMean mupuny menee 200 A. Ilpu
JedopMupoBaHUK oGpa3lia B BaHHe, COIEepIKallleil MOBEPXHOCTHO aK-
THBHOE BElIEeCTBO, CHCTEMAaTHUYECKHH CIBHT IO OJHOH OKTa3ApHuec-
KOH CHCTeMe TIJIOCKOCTEH CKOJIbXKEHHs oTcyTcTByer. Mcxomsi u3 mo-
JIY4eHHBIX JaHHBIX, aBTOP MPEeIMOJIOXHJ, YTO IPH OCYLIECTBJIEHUH
nJacTHYecKoi nedopMalud B cpele, cCOomepKallell IOBEPXHOCTHO
AKTUBHBIE BelLIEeCTBAa, CKOJbXEHHe Ha HayaJbHOH cTajguu aedopma-
LK OCYLIECTBJISIETCS 110 HECKOJIbKUM CHCTEMaM CKoJbXKeHust. OH 06-
HapYyXHJ TaKxkKe HaJ{Huhe MHKPOTPELIWH, IIHPHHA KOTOPBIX KoJie-
[+]

6anach ot 200 mo 1000 A.

Kpome Toro, 6bliu ompeneneHbl U IpyrHe CBOMCTBA MOHOKpHU-
CTaJIIOB LMHKa M oJyoBa [104] u 6bl10 mMoKa3aHO, YTO MpPH HCHbITa-
HUH Ha BO3JyXe H B HEMOJISIPHOM mnapa(HHOBOM MacJjie MoJyyaercs
OIHMH ¥ TOT 2Ke Ipefxen Tekyuectd. [Tocne moGassenus K macay 0,2%
OJIeHHOBOH KHCJIOTHI, TIPOYHOCTb 00pa3lioB yMEHbIIAaeTcsl BIBOE,
COOTBETCTBEHHO CKOPOCTb IOJI3YUYeCTH MOXKET YBEeJIHYUThCSI B 5—
10 pa3. OxHOBpEeMEeHHO yBeJHYHBAETCS KOJHYECTBO MaueK CKOJIbKe-
HHS U yMeHblLIaeTCsl UX LIMPUHA, TAaK XK€ KaK 3TO UMEeJO MeCTO IpH
HCIBITAaHUM Ha pacTaxeHdHe. Kpome Toro, okasasoch, 4TO INpH 3a-
JlaHHOH CKOpocTH AedopMalyy MOHOKPHCTAJJBI, AeopMHUDyEMbIE B
pacTBOpe OJIEMHOBOHM KHCJOTHI, 006/1afal0T MeHbHIEH 3JeKTPOIpo-
BOAHOCTbIO. TIpH CHSITHM HArpy3kH 3JeKTPONPOBOLHOCTb 06paslob
yBeJMYMJIach 10 HOpMaJbHOro 3HaueHus. Ilosnaralor, 4To 3TH [aH-
HBle CBHJIETEJNBCTBYIOT O 3aJIeYHBAHHU MHKPOTPEILHH.
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[Tosnnee npyrue HcciaefoBaTesu MpoOOBaNU MOBTOPUTH U 0Gbsic-
HHUTb onbITH PebGunnepa ¢ MoHoKpuctannamu. Kemciei {105] meitas-
Csl YCTAaHOBHTb BJIMSIHHE MOBEPXHOCTHO AKTHBHBIX BeUIECTB Ha Ipe-
JeJl TeKy4eCTH M 3JIeKTPOINPOBOJHOCTD MOHOKpHCTaJIJIOB 0JI0Ba M He
0GHApYKHUJI KaKOro-nu00 3¢ dexTa.

Pe6unnep u Jluxtman (104] o6bsCHAIOT pe3ysabTaThl, MOJYyYeH-
Hbele KemcieeM, Masoii cKOpocThlo JjedopMauuu, IPUHSATOH B €ro
OMNbITax, U 3arpPsI3HEHHOCTbIO NMapa(UHOBOTO MacJa.

Jpyrue uccienoBaTeNd TaKXkKe MOTepNeNH HeyAady NPH MOMBIT-
KeTMOATBePAUTb BJMsSHHE NOBEPXHOCTHO aKTHBHoIX BelleCTBHA dJeK-
TPONPOBOLHOCTb. B TO Xe BpeM$s BJIMsIHHE NOBEPXHOCTHO aKTHUBHEIX
BellleCTB Ha NpeJeJs TeKydecTH ObLJIO MOJATBEPIKIEHO.

BiisiHMe MOBEPXHOCTHO aKTHBHOM Cpejlbl Ha AedOopMalLlUIO U CBS-
3aHHOEe C Hell M3MeHEeHHe 3JIeKTPOCONPOTHBJEHHS METAJJIHYECKUX
MOHOKDHCTAJIJIOB mpoBepsiiock B pabore [107]. MoHoKpuCTaNIBI
LUHHKa ¥ 0JI0Ba MOABEPraJUCh PaCTAKEHHUI0 ¢ 60JBbLIONH CKOPOCThIO HA
Bo3nyxe u B 0,2%-HOM pacTBOpe OJIEHHOBO! KHCJOTHI B BasesHHE.
Briio mokasano, YTO ya/sHHEHHE MOHOKPHCTAJJIOB, HUCMNBITAHHBIX B
NIOBEPXHOCTHO aKTHBHOM pacTBOpe, BJBOe INpEeBHIIIAET YIJHHEHHE
MOHOKPHCTAJIJIOB, HCHLITAHHBIX HAa BO3lyXe (He3aBHCHMO OT OpHeH-
Tallud MOHOKpHUcTaanoB). OnHako npu 3ajgaHHO# cremeHu nedop-
MaIM4 3JIEKTPOCONPOTHBJEHHE MOHOKPHCTAJIJIOB He 3aBHCHUT OT Cpe-
Ibl, B KOTOpPOH mpou3Bojauiach nedopmauus. PesynabraTe 3T0# pa-
6OTEl NMO3BOJISIIOT NMPEANOJNO0KHUTh, UTO HaHHBe PeGunnepa o6 usme-
HEHHUH 3JIEKTPOCONPOTHUBJIEHUS SIBJSIOTCS CIIODHBIMHU BCJENCTBHE TO-
ro, 4YTO CpaBHEHHE 3JEKTPOCONPOTHB/JIEHHS, MOJYUYEHHOTO MPH HCIbI-
TaHUM Ha BO3JyXe H B aKTHBHOMH cpeje, IPGBOAUIOCH, BO3MOXKHO, HE
IpH OJHOM M TOM 2Ke YJJHHEHHUH.

Bausnue INEKTPOAUTOB

Binsinve BOIHEIX pPacTBOPOB, COAEpKAIIUX 3JEKTPOJIHUTHI, HA Me-
XaHHYeCKHe CBOHCTBA COMNpPHUKACAIOUIMXCA C HHUMH METajJaoB (mpH
H3MEHEHHUH INPHJIO0XKEHHOr0 HaNpsiKeHHs UIH 6e3 H3MEHEHHS €ero)
H3y4aJiocb MHOTHMH HcciaenoBatensiMu. Pe6unpep u Becrpem [108]
fepBBIMH II0OKa3aJli, YTO TBEPLOCTb (NIPH H3MePEHHH ee HHIEHTOPOM)
U JIpyrue MexaHHYeCKHe CBOMCTBA METaJ/IJIOB U3MEHSIOTCS MOX BJIHS-
HHeM pa3JIMYHbIX 3JeKTPoJHuTOB. MccienoBatenu yCTaHOBHJIM, YTO
TBEPJOCTb TAaKHX MaTepHasoB, KaK MUPUT, rpaduT, Taaui, LUHK,
CBHHEI[ U TeJJyp U3MEHsIeTCs] B 3aBUCHMOCTH OT I1aJl€HHUsI MOTEHLHa-
Jla Ha NOBEPXHOCTH paszena TBepHoe Teslo — pacTBOp. Kpusbre us-
MeHeHHs1 TBepAOCTH (pHc. 23) WM pacTATHUBAIOILEN0 HAMPSKEHUS
NpU 3aaHHOM cTeleHH nedopMalUy B 3aBUCHMOCTH OT IIPUJIOKEHHO-
ro moTeHlyaja HAalOMHUHAIOT 3JEKTPOKANUIAPHYIO KPUBYIO AJs I10-
BEPXHOCTH pasjiesia PTYTh — 3JeKTPOJHT. MaKCHMaJbHbIE 3HAYEHMHS
9THX MeXaHHYECKHX CBOMCTB MOJIYYalOTCS NMPH MaKCHMaJbHOM 3Ha-
YeHHH 3JIeKTPOKANHWJ/JISPHOro 3(pdekra, KOTOPHH Habmaiofaercs IpU
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HOoTeHLIMase, COOTBETCTBYIOLEM He3apsi)KeHHOH IIOBEPXHOCTH (HO He
IIpH HyJeBOM noTeHLHase). TBepAOCTb ONmpenensiach MO 3aTyXaHHIO
aMIVIUTYAbB KOJeGaHHH MasTHHKA, NOAOOHOro MasTHUKY [ep-
GepTa. .

DJIeKTPOKANMUNASAPHBIA 3)heKT MOKeT ObITh HIMEPEH C IMOMOIILI0
npi6opa, cxeMa KOTOPOro NMoKa3aHa Ha puc. 24. [launHas Tpy6ka A
C PTYTbIO, BHITAHYTasl B Kanuajasp B, morpyxeHa B BOAHBIH PacTBOP.
B pesyabraTe mOBEpXHOCTHOTO HATSIKEHMs B KamWJUISPHOH TPyOKe
NosABJISEeTCS MOBEDXHOCTb pasfena. PasHuna Mexnay BepxXHHUM H
HHXXHUM YDOBHSIMH DPTYTH SIBJIsIeTCS] MepOH MOBEPXHOCTHOTO HaTs-
JXEHHs1 Ha NOBEPXHOCTH pasfena. [IpH NpHUJIOXKEHHH HampsKeHHS
Mexny ciaoeM prytH C u cTon6oM pTyTH D mpoHCXOIUT H3MEHEHHe
MOBEPXHOCTHOTO HATsKeHUs. BejnuuHa, Ha KOTOpYI CTOJO PTYTd
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Puc. 23. Wavenenye TBepmoctd H M NOBEPXHOCTHONO Ha-
TAXKEHHS ¢ Ta/VIHA B 3aBHCHMOCTH OT BeJIHUHHBI Naje-
Hus oortenuuana @ [108]:

1 — TtBepmocth B l-H. pacrtBope Na:SOs; 2 — TBepaOCTb B TOM e

pacTBope ¢ moGasKo# H3oamusoporo cnuptra (0,185 moas/a); 3 -

NOBEPXHOCTHOE HATAXEeHHe aMaJjbnaMbl Taaaus (41,5% TI) B 1-u.

pactBope H,SO4; 4 — noBepXHOCTHOe HaTsXKeHHe aMaJbraMbl TaJ-

JHS B TOM e pacTBope C no6GaBKOH  M30aMWJIOBONO  COHpTa
(0,175 moas/a)

JIOJMI2KEH MepeMeCTHTbCSA IJsi TOro, 4roGbl YPOBeHb PTYTH B KalluJ-
JIApHOH TpyOKe BEepHYJICA B HCXOLHOE COCTOSIHHE, XapaKTepH3yeT
U3MeHeHHe MOBEPXHOCTHOTO HaTsKeHHs. BblIoO mokasaHo, 4To eciu
BHauaje PTYTh 3apsiKeHa IOJIOXKHUTENbHO IO OTHOLIEHHIO K PAacTB0-
Py, a 3aTeM OHa NOCTeNeHHO npuobperaer Bce GOMBUIMN OTPHUIATE b~
HBIli 3apsifi, TO NOBEDXHOCTHOE HAaTsXKEHHe CllepBa yBeJHYHBaeTcs,
I0OKa He [OCTHTHET MaKCHUMyMa, a 3aTeM HayMHaeT Majark.

Huke npuBOAMTCS TepMOAMHAMHYECKOe ypaBHEHHE 3JIEKTPOKa-
nunaspHoro 3¢ dekra, BriBeneHHOe BrepBuie JlunnManom {109]:

do
<6<I> )s S )
rape ég NnJOTHOCTb 3apsia Ha MOBEPXHOCTH pa3aena, a O'—CBO60ll'
Hasi MOBEPXHOCTHASA 3HEPrus.
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KpuBble H3MeHEHHS TBEPAOCTH B 3aBHCHMOCTH OT BeJHUHHbI
flajleHusl moTeHlHasa (puc. 25) MMEIOT TaKylo XXe mapaboJHyYecKylo
¢opMy KaK 3JIEKTPOKaNnM/JIsipHas KpHUBasl.

Puc. 24. T1pubop
A8 H3MepeHus
9JIeKTPOKAI HJI-

JISPHOTO ad-

dexta

h

270

750 200

Puc. 25. MaMenenue mBepao-
ICTH H MOBEePXHOCTHOTO HATH-,
KeHUsA TeJNIyjpa B 3aBHCHMO-
CTH 0T BEeJHWYHHH ITadeHHd
noreHumana [6]:
1 — TBepmocTb B l-H. pacTBope
Na,SO4; 2 — TBepmOCTb B TOM
Ke pacTBope ¢ noGaBkOoH H30a-
musosoro cnupta (0,185 moae/x);
3 — TBEpLOCTL B TOM XKe pac-
TBOpe C AOﬁaBKOﬁ COJIH THOKap-
6aMuHOBOY KucaoTH (0,5 moas/a);
4 — TBepmOCTb B TOM XXe pac-
TBOpe ¢ HN0GaBKOH mnHuporaiona
(1 moab/a); 5 — nNOBEPXHOCTHOE
HaTsXKeHHe PacCIVIaBJEeHHOTO TeJl-
aypa B pacmaase KCl + LiCl

Y 0 T 0 25 10 75 npH 550

790

700 1780

floseprrocmroe
HAIMANCEHUE G

78epdocms H
o
S

550

MakcuMyM TBEPIOCTH MOJy4YaeTcst AJIsi He3apsiKeHHOH IMOBepX-
HOCTH, y KOTOpOH

05/0® = es =0.

JoGaBJieHHe MOBEPXHOCTHO aKTHBHBIX BEIIECTB K BOJAHOMY PacTBO-
py cyibdaTa HaTpHsA CHHXKAET MAaKCHMaJNbHYI TBepAOCTb. DBbiro
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H3yYeHO BJIMSHHE MOJISIPH3alM Ha TBEPAOCTb TeJaypa B l-H. pac-
tBopax NasSO,; u NaCl (cm. puc. 25). MakcuMyM Ha KpHBO# TBep-
JNOCTH COBNAaJaeT ¢ MAKCHMYMOM Ha KPHBOH IIOBEPXHOCTHOTO HaTs-
JKeHHs AJsi paclaB/IeHHOro Tesaypa. [Ipu no6aBieHHN U30aMHJIO-
BOTI'O CIIUPTA TBEPAOCTb TENJNYpPa CHHXKAETCS U MAaKCUMyM Ha KDUBO#H
CMelllaeTcss B aHOAHYIO 00J/1aCTh.

DJIeKTPOKANUMNSPHbIA 3QdeKT H3yyasncs B HajdbHeAlIeM NpH
HCOBITAHUM Ha MOJ3yYecTh MeTasJIMYecKHX MoOHOKpHcraaios (110).
MoHoKpHCTaJIIBl CBHHIIA M 0JI0Ba MEpel HCOBITAHHEM Ha I0J3Y-
YeCThb MOJBEPrajuch KaTOLHOH MOJIPH3aLUH (® = 3,5 8) nas BoC-
CTaHOBJIeHHs OKHCHOH nueHkd. Kucanas cpema (pH = 2,8) wuckaio-

£%
a¢ £%
) 0'6'
2
Q4
7 a4
\
92 L L 92 !
-95 -10 -15 20 -g5 -15 -25

3

26

Puc., 26. OseknpoxanuaaspHbie
KpHBble OOJIerYeHns medopM aiyuu
TIOJI3yYeCTH MOHOKPHCTaJWIOB
osunua {110]. Henbitanus mposo-
IUJIHCh B BOJHBIX [PAaCTBOPAX:

1 — Na,SO, (0,1-n.); 2 — 0,1-H.

Na,SO, + 0,07 moab/a
C15H3306H4SO;N3

?68

Puc. 27. DuekmpoKamuJispHble
KpHBbHIe 06aeryenns nedopManun
TM0JI3YYEeCTH MOHOKDHCTaJIJIOB
ovioBa (110]. Henbitanms aposo-
JVIACh B BOMOHBIX PacTBOPax:
I — Na,SO, (0,1-n.)+H,SO, (0.01-n.;

2 — Na,SO, (0,1-5.) + H,SO4
(0,01-1.) 4+ 3,3 moas/a C;H,OH

yaJjla BO3MOXKHOCTb IIOBTOPHOTrO 06pa30oBaHHsI OKUCHBIX MJEHOK. Mo-
HOKPHCTAJIJIbl UCNBITHIBANUCh B BOJAHBIX pacTtBopax NapSO, (0,1-un)
u HpSO4 (0,01-H), K KOTOpPBHIM H06aBJSNCS TeKcanelua6eH30Cyab-
¢ounar narpus (C;gHssCeHsSO3Na). Ha puc. 26 u 27 nmokaszaHo u3-
MeHeHHe JedopMalHu (g) Mocne pacTSXKeHHs B TedeHue 5 4. ITH
KPUBble HaXOJATCA B IOJHOM COOTBETCTBHH C 3JIEKTPOKAMHUJJSPHBI-
MH KDUBBIMH TBEpJOCTH U NO3TOMY XapaKTepU3YIOTCS HaJUYHeM
MHHUEMYMa BM€CTO MaKcHMyMa NpH es = 0. [asa HccreLOBAHHBIX Me-
TaJM0B OBIIM MOJNYYEHBI TOJBKO KATONHble BETBH KDUBBIX, TaK KakK
B aHOXHOH 06J1aCTH NPOHUCXOZUT OOpa30BaHHE OKUCHBIX IJIEHOK.
Ilexcapenun6ensocyaboHaT HaTpPHSI YBEJHUHBAeT CKOPOCTb MOJ3Y-
YecTH, IDHYEM €ro BJIMsIHHE NpPOsIBJIsieTcsl HauboJiee pe3Ko B paioHe
MuHUMYMa. [To Mepe yBesqnueHUs MOJsSpH3aLMH, HE3aBUCHMO OT 3Ha-
Ka 3apsna, 3p¢peKTHBHOCTh BJIMSHHS OPraHUYECKOr0 COeJHHEeHHs
yMeHbllaercs ¥ poxonut mo O npu Hanpsikenud B —1,8 8 174 ogso-
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Ba U —2 8 1/ cBUHIA. Pe6unnep u Bencrpem 06bscHs0T noyyeH-
'Hble UMM pe3yJbTaThl Te€M, YTO IpollecC aAcOpPOLHH BJHMSET IJaB-
HBIM 00pa3oM Ha o6pa3oBaHHe MHKDOTpELIMH, a He Ha pa3pyllieHHe
OKHCHBIX IIJIEHOK, KaK 3TO IoJaraloT JApyrue ucciaepoBatenu. OHu
YKa3bIBalOT, YTO B' UX ONMBITAX MOHOKPHCTAJIBI 1e(OPMHPOBANUCE B
YCJIOBUSIX [JIATEJbHON KaTOLHOH MOJMSIPU3allMH, YTO HCKJIOYaeT BO3-
MOKHOCTb 00pa30BaHysl OKHCHBIX IIIEHOK. THMHYHBIE 3JI€KTPOKAIMHUJI-
JisipHble KDUBble MOTYT OBbITb HOJYYeHbl TOJNBKO B OTCYTCTBHE OKHC-
HBIX TJIeHOK. X pesysnbTaThl HaxOAATCS B MOJHOM COOTBETCTBHH C
AaHHbIMH pabothl Ildiotuenpeiitepa u Masunra [111], koTopeie Hc-
<J1eJoBaJId 30J10TO M IJIAaTHHY. B To e camoe BpeMsi yKasblBaeTcs,
4YTO HaJMYHE OKMCHBIX IJIEHOK M MX TOJILIHHA MOTYT BbI3BaTh 3Ha-
IquTej:anue M3MEHEHHs B BeJHYMHe  aJcopOuHOHHOro 3ddekra
{112]. :

Buonsinve 3/1eKTpPOJIMTOB Ha MeXaHHYECKHe CBOMCTBA MeETaJlIoB
M3yuajoch Takke AHApAaAe C COTPYyAHHKAMH M JAPYTHMH HCCIAENOBA-
TenssMH. Anzpane u Panmasan (38, 106] BnepBbie OGHapYXKHJIM, YTO
NpH NOrpyXeHHM MOHOKpHCTalJa KaAMHs B HHUTPAT KaAMHS CKO-
POCTb IOJI3yYecTH BHauajie YBEJUYMBAETCs, a 3aTeM TIOJ3yuYecThb
GbicTpo mpekpalaercs. st Tono 4yToGBl NJ1acTHYECKOe TeYeHHe Ha-
4aJ10Ch ONATh, HEOGXOIUMO IPUIOKHUTL BIBOE GOJiee BBICOKOE HaIlpsi-
xKeHue. B pacrBope HUTpaTa LHUHKA yNpPOUYHEHHE TIPOMCXOAUT Cpa-
3y. Bpuio mokasaHo TakkKe, YTO CKOPOCTb IIOJI3YYECTH KaJIMHEBBIX
MOHOKPHCTaJIJIOB yBeauuyuBaercss B 20 pa3 mpH TOTpyXKeHHWH HX B
pPacTBOPBI, KOTOPble NPUMEHSIIOTCS JJ1s1 TaJbBAaHHYECKOTO MOKPBITHS.
Ha mosukpucraninyeckKux NpPOBOJIOKAX 3TH SIBJEHHsI He Habiiona-
auck. B omHo#t M3 mocnexnux pa6or [106] AHnpane ykaseiBaer, 4To
yBeJIMyeHHe CKOPOCTH TI0J3YYECTH METAJIJIOB TIPU TOTPYXKEHHH HX B
3JIEKTPOJIUT HaGMI0QaeTcsl TONbKO y Tex 06paslioB, Ha KOTOPHIX BHA-
yajle HMeJach OKHCHAs IJleHKa. Kak ykasbiBaeTcs B IPYyrux paGo-
Tax (113, 114] BausiHue 3JE€KTPONUTOB Ha MOHOKDPHUCTAJJIbl IHHKA
00bsICHSETCSl [pa3pylleHeM OKHCHOH IJIeHKH, a B CJyyae HaJHYus
HUTPATHOrO HUOHA — paspyllleHHeM DUAPOOKUCHOH TIIEHKH.

Banusnne npoueccoB o6pasoBaHus U pa3pylleHHs IIEHKH Ha T0J-
3y4eCcTh MOHOKDHCTAJJIOB KaXMHSl C YHCTOH TIOBEPXHOCTHIO H3yya-
Jocs Punnuncom u TomircoHom [115]. B ux onblTax MOHOKDPHCTAJLIbI
KaIMusi BHayajie pacTAruBaduch B JUCTHIIMPOBAHHOM Boxe (Touka A
Ha puc. 28), mocie yero pobasasiau 0,5-H. pacteop Cd(NOs),. Beko-
pe TIoc/ie 3TOro CKOPOCTh JedopMalui CHUXKaJach W NpPOAOJKAJA
yMeHBLIAaThCs A0 ONpeleseHHONH BeJIHYMHB (Touka B Ha puc. 28).
B artor MomeHT HuTpar Obln 3ameHeH 2%-HbIM pacTBopoM HeSO,.
‘CKOpOCTb NOJI3y4ecTH HeMeIJIeHHO CTajaa Bo3pacTaTb. JloGaBienne
pacTBopa HHTpaTa KaIMHs yBEeJIHYHBANO CKOPOCTb II0JI3YUYECTH
(puc. 29) B TOM cayuae, KOIja MOHOKPHCTAJJI Nepel HCIbITaHHEM
ToxBepraJcsi aHofHON o06paboTKe, B pe3yJbTaTe yero Ha HeM oGpa-
30BBIBAaNach TOJICTAs IJIEHKA THAPOOKHCH. BuusHue moGaBKH pac-
TBopa Cd(NO;)o (mpu ¢ = 0) Ha MON3yyecTb KaIMHEBOTO MOHOKDH-
CTajJja, TpeJBapUTeIbHO IOKPBITONO 3JEKTPONHTHYECKHM TIyTeM
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IJIEeHKOH THAPOOKHCH, MJIIOCTpupyercs: kpuBoid a. Uepes 120 cex
CKOpOCTb Aedopmanuu yBeanuuaach B 6,3 pasa. Tlocnenyrouiee B3Be-
WIMBaHHe TIOKA3aJo, YTO TOJIIMHA IJleHKH yMeHbluaach. [locae
147 cex BblnepxXku R0GaBHAH 2% -HBIH pacTBOp CepHOH KHUCJIOTHI;
CKOPOCTbH TI0JI3yUeCTH OBbICTPO yMeHbIIHJachb (KpuBasi 0).
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. 28. Biusnue mpouecca 06pa3oBaHus IJIEHKH Ha
NOJI3yyecTb MOHOKpHCTaNa KauMus [115]
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Puc. 29. BumsHue jpacmBopa HHDpana KagMus Ha

non3yuyecTb MOHOKPHCTaJIa KagMHA ¢ TJIeHKOH

FHAPOOKHOH Ha moBepxHocTH [115]

®unnunc u Tomncon [115] 3amerusnn, 4yTo B MOMEHT pa3pyillieHHs
TOHKOH MJIEHKH THAPOOKHUCH TPOHCXOJHUT MTHOBEeHHOEe -pacliupeHue
o6pasua. Paspyiienne mieHKH OKasblBaeT, MO-BUAMMOMY, TaKoe XKe
BJHSIHHE Ha CKOPOCTb IIOJI3Yy4YeCTH, KaK BHe3amHoe HeGOJbIIOe IOBHI-
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IleHHe Hanpy3KH. [MAPOOKHCHbIe NMJIEHKH HAaHOCHUJHMCh Ha MOHOKpH-
CTaJJIbl KajMHs TOTPyXeHHeM UX B BOAY, COILEpXKallylo BO3IYX.
MOHOKpHCTAMJIBl HONBITHIBAJIHCh HA NTOJN3YYeCcTh MOJ TIOCTOSIHHOH Ha-
rpy3KOd B BOJe, IO TeX MOp NOKa He YCTaHaB/IMBAJacCh MOCTOSHHAS
CKODOCTb TIOJI3yYecTH. 3aTeM MOHOKDHCTAJJbl MOJBEprajuch Iome-
peMeHHO AeHCTBHIO AHCTHJIMPOBAaHHOH BOABl HJH 2% -HOro pacrso-
pa cepHo#t xucaorel (puc. 30). Kaxneiit pas, 3aMeHsiss Bogy KHcJ/o0-
TOH, HabJ/l0Jall MrHOBeHHOe pacllupeHHe (IBOHHBIE JHHHH, TNep-
NeHAUKyJAspHble ocH abcuucc Ha puc. 30); 3amMeHsisT KUCJAOTY BOJIOH,
Hao60pOT, HUKAKOTO pacUIMpeHus He Ha6aw01anu -(JMHHHH, TIepleH-
JMKyJsipHble ocu abcuuce Ha puc. 30). '
Ilprotuenpeiitep u Masunr [111] nccnenoBanu BaHsHHE TPHIIO-
JXeHHS TOTeHlHaJ/Ja Ha N0J3YYeCTb PAa3JHYHBIX MeTaJ/IIoB, {10 TOH XKe
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Puc. 30. KpaTkoBpemeHHOe pacilHpeHHe MOHOKPHCTa/lia KaJMHsA [PH IODPY-
JKEHHH ero B (PacTBOp CeDHOH KHCJIOTEL BO BPeMs HMCILITaHWsS Ha TOV3Y-
: yecTb [115]

Metonuke, uto U Pebunpmep. Ilpu ucnblTanusix 6O/MbIIOTO KOJHYE-
CTBa MOHOKPHCTAJ/JIOB CBHHIIA, IIMHKA, cepebpa, 30J10Ta U NJaTHHBI
(pacTiruBaeMblX DaBHOMEPHO IO CEYEHHIO) OHM YCTAHOBHJIH, 4TO
nocJjie TOro Kak MpHOaBJISIOT 3JEKTPOJIUT, CKOPOCTh TIOJN3YYeCTH Me-
Hsercsl. I1pu npuaoKeHHH NMOTeHUHAaNa MeXay 00pa3loM 1 3JeKTpo-
JIUTOM MoJiyyalolllasicsi KpHBasi M3MeHeHHsl YCTaHOBHUBILeHCs CKOpO-
CTH TIOJI3YYECTH B 3aBHCHMOCTH OT BEeJHYHHBE TIOTEHLMaJa HaNOMH-
HaeT 3JIeKTPOKAMNU/ISIPHYIO KPHUBYIO. ’
Annpage u Pawmsaay [114] ynanocs mokasaTts, uTo Jaxe Ges
TpUJIOKEHHUS] HaNpPsXKeHHsl 3JeKTPOJHUT caM 1o cebe OKa3biBaeT 3Ha-
YHTEeJbHOE BJHSHME HAa MeXaHUYeCKHe CBOHCTBA MOHOKPHCTAJJIOB.
CkopocTbh MOJI3y4ecTH KaK MOHOKDHCTAJIJIOB LHHKA, TAK M MOHOKDH-
CTaJJIOB KaAMHsl 3HAUHTEJbHO M3MeHsJach IOJ BO3IelcTBHEM pac-
TBOPOB CyJbdara MeraJ/a, HeCMOTPS Ha TO, YTO TOJydYalollHecs
JaHHble OTJIMYaJUCh MeXAy coboit mo BeauuymHe. OrHoweHnue (R)
CKOPOCTH TeyeHHUsl TPH NOrpyKeHuHu o6pasua B 3JeKTPOJUT K CKOPO-
CTH TeUeHHs MpPH HCIbITaHUM 0e3 3jeKTpoJHuTa Aocturaio 9,6; B He-
KOTOPHIX CJIyYyasix BeJHYdHA 5TOr0 OTHOLIEHHS KojebGasnach Mexay 2
u 3,5. Ilpn ucnblTaHUK Harpyska TOBbIIAJACh CTYNEHYATO (TMpHYEM
KaxKJbll pa3 'yBeJHUHUBAJach Ha HeGOJNBLIYIO BEJIHYUHY) IO TeX IOp,
N0Ka He HAaYMHAJOCh MeJJ/leHHOe TeyeHHe 06paslia; 3aTeM [ociae 10-
CTHXKEHHUSl OIpejeleHHOH cTeneHH nedopMauuu N0GaBJSICS 3J€K-
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tpoaut. [IpensapurensHas medopmauus csbiie 109 He Bauser Ha
CKOPOCTb ‘TEYeHHSI:

TlpepsapurensHas creneHs aedopma-

w, % ... . 0—9 10—24 25—49 50—80
OrHomenne R . . . . . . . ... 1,4 3,3 3,4 3,4
KonnuyecTBO ucnbiTanuit . . . . . . 8 10 16 4

B pactBopax a30THOl KHCIOTBl Pa3JHYHOH KOHIEHTpALHH
(1:500 u 1:50) orHowenue R cocraBuao 1,6 M 7 COOTBETCTBEHHO.
Bona u nepechilenHble pacTBOPH LHAHHCTOTO KANAMHS M HOMLH-
CTOrO KaJMHst HE BJIMSAIOT Ha MOJ3Y4YeCTh MOHOKDHUCTAJJIOB KaIMHS.
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Puc. 31. Tloasyyects Momo-

KpucTamia xaaMus (yroa 1 KpucTaana kKaamus (yroa ¢

paBeH 32°) B pacmBope HHUT- paBed 48°) B pacTBOpe HHT-

pata Kagmus [114]. Crpeaka para umuka ({114]. Crpenxa

YKa3sbIBaeT MOMEHT [OnpyxKe- YKa3blBaeT MOMEHT TIOTpIyKe-

HHs o6pasua B pacTBOp DHI- HHs 00pasla B 'PACTBOP HHT-
pata KagMus jpaTa uHHKa

Pnc. 32. ITousyyecTs MOHO-

IloBenenne MOHOKpHCTANIOB Kammus TIpY MCNEITAHHHM Ha TMOJ3Y-
Y9€CTb B pacTBOpPe A30THOKHCJOrO KaAMHS OTJHYAETCS B HEKOTOpPOM
OTHOLIEHHH OT MX NOBEJEHUS B DPACTBOPE CEPHOKHUCIOTO KagMHUS.
[laxe eciu ckopocTh mossyuect MOHOKDHCTaJ/l/la HEMeIJIeHHO yBe-
JIMUABACTCA NPH MOTPYXKEHUH ero B PaCTBOD a30THOKHCIOTO KajMisi
(TakXKe Kak H B pacTBope CysbaTta KaJMHsi), TO TI0C/e NATHMUHYT-
HOH BBIAEPKKH TeyeHue 06pasua MOYTH COBEpILEHHO NpeKpallaercs
(puc. 31). A3OTHOKMCHBIH IHHK He BHI3bIBaeT HayaJbHOTO YyBeJHYe-
HHUsl CKOpOCTH mosisyyectd Kammusi (puc. 32). HaGmonaercs Hempe-
PBIBHOE yMeHbLIEHHE CKOPOCTH TION3YYeCTH. [To-Bugumomy, wuon
KaJMHs JIefiCTBYeT Ha OKHCHYIO NJIEHKY, UMEIOLIYIOCS Ha IOBEPXHO-
CTH KaJMHEBBIX MOHOKPHCTAJ/JIOB, TAKHM 0GPa3oM, 4TO OCJaaGJasier
€e BJMAHHE, OHAKO MOH LHHKA He OKa3blBAeT TAKOTO NEeHCTBHS
[114]. HurtpaTuble uoHbl Hacnaupamorcs CBEPXY Ha MOBEPXHOCTHYIO
OKHCHYIO HJIM THAPOOKHCHYIO IJIEHKY, B Pe3yJabTaTe Yero yBeJHYUBa-
€TCA CONPOTHBJEHHE TEYEHHIO M INOBBILUAETCS KPUTHUECKOE Hampsi-
XKeHue CHABHra.
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MccanesoBanue MeXaHu3Ma pPa3yNpPOUYHEHHH

OxnuM M3 OCHOBHBIX BOIDOCOB, BO3HUKIINX HAa PaHHeH CTajuy
MCCJEI0BAHUsl BJHSHHUS 3JEKTPOJNUTOB H TIOBEPXHOCTHO aKTHBHBIX
BellleCTB Ha MeXaHHYeCKHe CBOHCTBA, sIBJISETCS BONPOC O MeXaHH3Me,
BBI3LIBAIOIEM CHHXKEHHE TIPOYHOCTHBIX XapakTepHcTHK. ITockosabky
MOBEPXHOCTHbIE TJIEHKH (NOJydeHHble B (pe3y/bTaTe XUMHYECKOH
peakiuy WJM 3JeKTPOJIHUTHYECKHM IyTeM) TIOBHILIAIOT MPOYHOCTh
MOHOKDHCTAJIJIOB, TO HEKOTOPbIe HC-
CJIeI0BaTeNH TOJaraioT, YTO yMeHb-
UleHHe  NPOYHOCTH  TIPOHCXOIHUT
BCJEICTBHE PaspYIIeHHs 3THX TIe-
HOK. Pelllenne Bompoca 3saTpyimHe-

g5 +
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HO TeM, YTO Ha BCeX MeTaJjjax, 3a X
HCKJIIOUEeHHeM 30J10Ta, Ha BO3gyxe §
00bIYHO OoOpa3yeTcss OKHCHAs IJIEeH- §g;
ka. Tor ¢akt, 4TO NOJAYYHTL 0OO- N
pasipbl, He HMeWllHe TOBEPXHOCT- I

HBIX IJIEHOK, He yJaaercs, He T03BO- az
JeT yCTAHOBHUTb, COOTBETCTBYIOT
JId TIDOYHOCTHble XapaKTEPHUCTHKH
MeTaJJa, onpele/eHHble MPH HCIbI-
TAHUH B 3JIEKTPOJIHTE HJH TIOBEDX- 7 w20 0 40
HOCTHO aKTHBHOH cCpeje, MpPOYHOCT- dpema, mun

HbIM CBOMCTBaM MeTajana, y KOTO-
pOTO NOBEPXHOCTHHIH CJOH He OKa-
3bIBaeT CONPOTHBJIEHHS JIBHXKEHHIO
nucjaokanui. He BHI3bIBaeT coMHe-
HHS, 4YTO pa3pylleHHe TOBEPXHOCT-
HO# NIJIEHKH caMO [0 ccebe MOJIXKHO
IPMBOIUTb K CHMKEHHIO MPOYHOCTH

Puc. 33. KpuBble noviaydecTu Mo-
HOKPHCTA/IOB KanMmus (yroa ¢
paBeH 22°), OYMIIEHHBIX OT IO-
BEPXHOCTHOH TmwleHkH (/) w ¢
OOLIYHOH  MOBEPXHOCTBIO  (2).
Cmpeska yKasbiBaeT MOMEHT, KOT-
La B MCIBITATEJbHYIO Kamepy
BBOAMJICS 3JMeKTpouHT [114]

MOHOKpHCTaJ1JI0B.

Bblna cnenana nombitka [114] monyuyuTh naHHble, KOTOpPble HO3BO-
UM Obl OTBETHTbL HA STOT BOMPOC. MOHOKpPHUCTANbl KaJMHsSI OYH-
IaJ1Ch OT MOBEPXHOCTHONH OKHCHOH NJIEHKH ITyTeM HarpeBa B BaKyy-
Me npu gasschHud ~ 107*mm pr.cr. {116]. B pesynbrare takoii o6pa-
GOTKH NOBEPXHOCTb MOHOKDHCTAJ/JIOB MOJyyamnach He raaakoii. Ilpu
HCIBITAHHHY Ha I0OJI3yyecThb B pacTBoOpe cy/b(ara KaaMus 00pasloB,
KOTOpble ‘He ITIOJBEpPraJjuch HarpeBy B BaKyyMe, OTHOLIEHHe CKOPO-
cTedl TeyeHus (R) mnoayuuaoce paBubiM 1,5. ¥ 06pasuos, OuHllleH-
HbIX OT OKHCHOH TIJIEHKH, HHKAKOI'O H3MeHEHHs: CKOpPOCTH TOJ3yue-
cTu ne Habmopanocy (puc. 33). Heobxomumo ykasaTb, 4TO ToOC/e
BBeNeHUs1 cyJabdaTa KaaMUsl CKOPOCTb TIOJ3YYeCTH MOHOKPHCTAJJIOB
¢ OOBbIYHOH ITOBEPXHOCTbIO HAaMHOrO NpEeBbIIAET CKOPOCTb NOJ3Y4e-
CTH MOHOKDHCTAJIJIOB, OYMILEHHBIX 'OT NOBEPXHOCTHOH M1eHKH. Eciu
OYMIeHHble ©T NOBEPXHOCTHBIX IIJIEHOK MOHOKPHCTaJJbl OefcTBH-
TEJbHO MMeJH TOBEPXHOCTb 6e3 KaKHX-JH60 CJAel0B TJIEHKH, TO
MOKHO OblIO Obl OXHAATb, YTO B HEKOTOPHIA NepHOJ BpPeMEHH INpH
5 3akas 1837 v : | 65



OTCYTCTBHU JOMNOJHUTEJNbHOIO 3(h(eKTa, BHI3LIBAEMOrO 3JEKTPOJH-
TOM, CKOpPOCTb AeopMalluy 060UX KPHUCTaAMO0B ‘Gbljia Obl ONHHAKO-
BoH. K .coxkaneHHio, HCNBITAHUSI NPOBONUIHCh TOJBKO B TeYeHHe
20 Mun ¥ MOITOMY HEM3BECTHO, M3MEHsJach JIH CKOPOCTb IOJ3Yyye-
cru 06pasuos npu Gosiee NJIHTENbHOM BpPeMEHH MCIBITaHHUS.
[apnep u Korrpesn [12] usyyann BiHsiHHE COCTOSIHHS TIOBEPXHO-
CTH Ha 1e(pOpMalUi0 MOHOKDHCTAJJIOB LIHHKA B 3/IEKTPOJIATE U B
cpele, COAepKallledl NMOBEPXHOCTHO aKTHUBHLIe BellecTBa. OHH MpH-
UM K BBIBOLY, YTO TIOJISIPHbIE MOJIEKYJbl YHHUTOXKAIOT VIIPOYHSIO-
228 llee AeHCTBHE OKHUCHOH {IJIEHKH.
' ITATp MOHOKPHCTAMIOB  GbLIU
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Puc. 34. KpuBasi novisyuyecTd MOHO- Puc. 35. KpuBas novisyyecTH MOHO-
KpHCTa//1a LIHHKA C OKHCJIEHHOM ITO- KPHCTaJ1a IIMHKA C MOJHPOBaHHOM
BepxHOCTBbIO [12] noBepxHoCThio (12]

#EeHUH CcABUra, paBHOM 70 2/mm?, mocje Yero OHH MOTPYKaJUCh B
BaHHY C pasdGaBJ/ieHHOH cossiHOH Kucaoroil (rouka A Ha puc. 34 co-
OTBETCTBYET 'MOMEHTY NOTPYXKeHHs, Toyka B —iMOMeHTy, Koraa 00-
pasen BbiHHMaaH). CKOPOCTb INOJI3yyecTH HEMENJEHHO yBeJIHYHBa-
J1ach ¢ NTOCAGIYIOLUM KPaTKOBPEMEHHBIM YCHIEHHEM TedeHHs1 o0pas-
na (puc. 34). B aHajorHyHbIX OMBITAX C 3JEKTPOMOJHPOBAHHBIMH
o6pasuaMu (KOTOpble HCIBITBIBAIUCH TIPH TOCTOSTHHOM Hanpsi2KeHUH
-39 2/mm? B Teuenne 40 MuH) Hab/I0maJ0CH HeGOJbLIOE, HO 3aMeT-
HOe yMeHbIIEeHHe CKOPOCTH 0JI3YYeCTH, IPH NOrPYXKEHHH HX B COJS-
Hyl0 KucaoTy (Touka A Ha puc. 35). ¥ o6pasua, KOTOpHIH moOCiae
TpaBJIeHUs] B COJISTHOH KHUCJOTe GblM BBIMBIT, BBICYIIEH M CHOBAa Ha-
PpY2KeH Npu HanpsikeHud 42 e/mm?, He HabGMONANOCh HUKAKOTO H3-
MEHeHHsl CKODOCTH N0JI3y4eCTH NPH HOBOM NOIPYXEHHH ero B COJMf-
Hy10 Kucjory nocie 30 mMun ucCIbITAHHA.

I'apnep u Korrpenn ykaselBaloT (B NPOTHBONOJIOXKHOCTb BBIBO-
nam PeGuHuepa M ero COTpyIHHKOB), YTO NOJ3YyYeCTb MOHOKPHCTAJ-
JIOB LIMHKA H3MeHssach NpH N06aBJEeHHH OJIEMHOBOH KHCJIOTHI K Ia-
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papuHOBOMY MacJy TOJBKO B TOM CJydae, Korja 06pasubl HMeIH
OKHCJIEHHYIO MoBepXHOcTh. Ha puc. 36 TpuBeneHa KpuBas moJssyde-
ctv o6pasua uuHKa npu Hanpsokenuu B 63,5 e/mm? Touka A coot-
BeTCTBYET ‘MOMEHTY TIOrpyKeHHus o6pasuna B mapacdHHOBOE Macio;
nocjie MSTHMUHYTHOR BBIIEPKKH CKODOCTb TEYEHMS YBeJHYHBasach.
[Tocne Toro Kak .mapaguHoBOoe Macao Oblio 3ameHeHO 0,2%-HbIM
pPacTBOPOM OJIEHHOBOH KHCJIOTH B NapauMHOBOM Macje (3TOT Mo-
MEeHT OTMeueH Touko#l B Ha puc. 36), npoucxXoaut AajbHelllee yBe-
JuyeHyre CKOpocTd mosasydyecTd. IlapaduH BHI3bIBaeT yBeJHYeHHe
CKOPOCTH IOJI3YyYECTH TOJNBKO MPH HCIBITAHUH CHUJBHO OKHCJIEHHBIX
06pasuos; [Js yBeJIHUYEeHHS] CKODOCTH TOJ3y4ecTH <J1abo OKHCJeH-
HbIX 06pas3loB HEOGXOLMMO BBECTH OJIEHHOBYIO KHCJIOTY. Beuio mo-
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Puc. 36. Kpusas nossyuecrn momo-  Pmc. 37. VaMenenuwe mpemenH, Impo-
KPHCTa/Ula IIHHKA C OKHOJIeHHO I0-  TeKalollero 10 Hayala yBeSHYeHHs

BepxHOCTbI0 [12] CKOPOCTH MOJVI3Yy4eCTH, B 3aBHOHMO-
CTH OT KHHEMAaTHYeCKOR BSI3KOCTH
cpens! [+2]

Ka3aHO, YTO CKOPOCTb TIOJ3Y¥eCTH CHJbHO OKHCJIEHHBIX MOHOKpPH-
CTaJIJIOB LIHHKA YBEJMYHBAETCS TaKXKe NPH NMOTPYXKeHHH UX B Kepo-
CHH MJIM 3THUJIOBBIH CIHPT, TOrJa KaK MNOJHPOBAHHbIe HJIH TPaBjeHble
o0pasubl He pearupyioT Ha JeHcTBHe 3THX Belllect. ['apnep u Korr-
pesi BbICKA3blBAIOT NpPEeANOJOXKeHHe, 4YTO 3¢heKT pasynpouHeHHs
CBfI3aH C NPOHHKHOBEHHEM [OBEPXHOCTHO AKTHBHOIO BELIECTBA B IIO-
BeDXHOCTHYIO NueHKy. OHH UCXOQMJIH M3 TOTrO (paKra, 4TO MPHU MO-
rpy»keHun o0pasloB B KEPOCHH HJH CHUPT CKOPOCTb IOJI3YYECTH
MI'HOBEHHO yBeNHYHBaJacCh, a NPH INOTPYXKeHHH B TapapHHOBOE
Mac/0 BO3pacTaHHe CKOPOCTH NOJI3yYecTH HAYWHAJOCh JIHIIb CNYCTS
HeKOTOpoe BpeMsi. B onHOH cepuu ONLITOB KepoOCHH A0GaBJasijicS B
Pa3NHYHBIX NPOMOPUUSAX K NMapaUHOBOMY Macjy; B 3TOM CJayyae H
Oblla ToJyyeHa JIMHeHHasi 3aBHCHUMOCTb MeEXJY KHHEMaTHYecKoil
BSI3KOCTbIO CpPeiibl U BpeMeHeM, IPOTeKaloIlUM [0 Hayaja yBeJguye-
HUs CKOpocTd mosdyyectd (puc. 37). XoTs Ha mepBBIl B3TJSI 3Ta
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3aBUCHMOCTh KaXeTCs NpaBUJbHOH, OJHAKO aKTHBHOCTb NapaduHO-
BOTO MacJ/ja U KepoCHHa TIO3BOJISIeT NPEeRXNOJOXKHUTb, YTO B 3TUX Be-
IlecTBaX UMeJUCh NOJsIpHBIE MOJeKYyabl. Tak, HanpuMmep, NpH Nafb-
HelilleM no6aBieHHy 3arpsi3HEHHOTO KepPOCHHA KOHIEHTpalus Io-
JSIPHBIX MOJIEKYJ YBeJNHUYHTCS, BCJAEICTBHE YEro BO3PacTaHHE CKO-
pOCTH MOJI3y4YeCTH HAyHeTCs DaHbllle. ‘

KnnnkenGepr, Jlrokke 1 Masunr [117] noaTBepauiu pe3ynbrathl,
noayyeHHole PeGUHIEpPOM U ero COTpYIHHKaMH. B HX omblTax cKo-
pPOCTb NOJ3YYeCTH MOHOKPHCTAJJIOB OJI0Ba M 30JI0TA, MOBEPXHOCTh
KOTOPBIX Obly1a OYUIIEHA OT OKHCHBIX IJIEHOK TyTeM 3JIeKTPOJIHTHYe-
CKO#l NMOJMPOBKH, 3HAUHTENbHO NOBBILAJach INPH HCIBITAHUH B
1% -HOM pacmBope OJIEMHOBOH KHCJIOTBI B HapauHOBOM Macle.
AnanoruuHele pe3yJbTaThl OBLTH MOJYYEHBI M C MOHOKPHCTAJJIaMH
KagMus. OTH JaHHBle MOATBEPKIAIOT, TI0-BUIUMOMY, TY TOUKY 3pe-
HHUsl, YTO TIOBBHIIIEHHE CKODOCTH MOJI3YyYeCTH HJH O0llee TIOHHXKeHHe
KPHBO#l DACTSKEHHs NOJ BAMSHHEM NOBEPXHOCTHO-aKTHBHHIX Be-
IIeCTB NPOUCXOJUT HE TOJbKO Y '06pa3loB C TOBEPXHOCTHOH TIJIEHKOH.
Y GospLIMHCTBA METaJ/JI0B IIPH BblIEpXKKe UX Ha BO3LYyXe HeMeJeH-
HO 00pasyeTcs OKHCHAs TJIeHKa: B BaHHE IJs 3J1eKTDOJHTHYECKOH
NOJIUPOBKH o6Gpasel] siBJIsSETCS aHOMOM U MOXKHO IIOJlaraTh, 4TO Ha
HeM Oylner cOXpaHsTbcsd OKHUcHas mieHka. OfHaKO, 3TO HE OTHOCHT-
¢ K 30JI0TYy, TaK KakK M3BECTHO, YTO B OOBIYHBIX YCJOBHSX, Ha HEM
He o6pa3yeTcst OKMCHAs IJIEHKa.

Knunukenbepr ¢ corpyauukamu [117] mokasaau, 4YTO CKOPOCTb
MOJI3yYeCTH NOJUKPHCTAJIIUIECKOTO 30JI0TA yBENTHYUBAeTCs NIPH MC-
nbiTanud B 0,29%-HOM pacTBope OJIEHHOBOH KHCJOTBL, 10 CPaBHEHHIO
¢ ucIbBITaHHeM B TapacguHoBoM Mmacae (puc. 38). XoTs sKCIepHMeH-
TaJbHble JaHHble, TIOJy4eHHble ¢ OOPas3lOM 30/10Ta, COBEPLIEHHO
OTpeJesieHHO ONpOBEpraloT Ty TOYKY 3PEHHs], YTO TIOBEPXHOCTHO aK-
THBHBIE BellleCTBA BJMSIOT Ha MJACTHYECKOE TeYyeHHe MeTalljia TOJIbKO
B TNpPUCYTCTBUH OKHUCHOH IJIEHKH, OQHAKO OHH HEe HCKJIOYaIT BO3-
MOXKHOCTH BJIMSIHHSI KHCJIOPOJa, BOAbl WJIM MPYTHX BeLIeCTB, KOH-
JEHCUPYIOUIUXCS 1ia NOBEPXHOCTH.

Cuoenyollasi NONBITKA 'PELIUTb CIOPHBIH BOMNPOC O TOM, BJIHSIOT
JI1 NOBEPXHOCTHO AaKTHUBHBbIE BellleCTBA HA MeXaHHYyeckue CBOHCTBA
MEeTaJ/IJIOB B OTCYTCTBHE OKHCHOH NJIEHKM HaA MOBEPXHOCTH MOHOKpPH-
cTasnoB, Obna Tpeanpunsata Poxkanckum u PeGungepom [118], xo-
TOpBIE OYEHb TLIATEJNbHO HCCJIEAO0BAJM 3TO siBjaeHHe. OHM HCIBITHI-
BaJ/IH KaK NOKPBHITblE OKUCHOH MJIEHKOH, TaK W OYHILIEHHBIE OT OKHC-
HO MJIeHKH o0pa3lbl B BaKyyMe ¥ pa3peKeHHBbIX Tapax pas/HYHBIX
NOJIIPHBIX U HEMOJISIPHBIX BellleCTB. B pesynbTaTe OblIO IOKAa3aHo,
4YTO TIOBEDXHOCTHO aKTHBHble BelllecTBAa OKa3blBalOT HauboJiee HH-
TEHCHBHOE BJIMsSIHHE ‘B CJlyyae WUCIbITAHHUS MOHOKPHUCTAJJIOB, MOKPHI-
TBIX OKHCHOH TiIeHKOH. CKOpOCTb TOJ3YYeCTH B 3THJIOBOM CIHpTe
npu ONTHMaJbHOM JaBjeHuH Bo3pacransa B 100 pas mo cpaBHEHHIO
¢ BakyymoM. TIpy HCNBITAHHH MOHMOKPHCTAJJIOB, OYHILEHHBIX OT IO-
BEPXHOCTHBIX IIJIEHOK, TIOBEPXHOCTHO aKTHBHBIE BelleCTBA OKa3blBa-
Ju 6oJee cnaboe neficTBUe, ecau TONbKO 0Opasibl He OBIIN CAHIIKOM
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XpynkuMu. VccnenoBaTtenn NpeRlloNOXKHIH, 4TO KOHUEHTPAIHsA Ha-
npsKenuil, BO3NUKAULass Yy KOHIOB '00pasiloB, OYHIUIEHHBIX OT IJe-
HOK, WJIM Y TPELllH B OKHCHOH IlJIeHKe 3HAYUTEJbHO YCHIHBAET BJIHS-
HHe TIOBEPXHOCTHO aKTUBHBIX BelllecTB. OHH OTBeprau OObACHEHHe
Aupnpane u Xapnepa (KOTOpble CYUHTAIOT, YTO IIOBEPXHOCTHO aKTHB-
Hble BellleCTBa YCTPAHSIOT yNpOyHsIollee NeHCTBUE OKHCHOH TIJIGHKH)
0o TeM IPUYHHAM, YTO MOHOKDPHUCTAJLIBI, OUHILEHHbIE OT IIOBEPXHOCT-
HBIX MJIEHOK, TaKXKe HeCKOJbKO Pa3yNpOYHSJIHCh B NIPUCYTCTBHH IO-
BEPXHOCTHO AKTHBHBIX BeILECTB, a TakKe H TMOTOMY, YTO YMeEHbIe-
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.g 63 o x Puc. 38. KpuBre mosi3yuecTH MoJH-
Q g" KPHCT aJlTHYeCKHX 0Gpa3loB oyioBa H
5912 300172, OJVIOBO HCNBITHIBAJIOCH MIPH
4 ;" NOCTOSTHHOM HampsAXeHHH; 30J10-
x 8 TO — Ipu pa3Hoi Harpyske [117]:
55 L L ! I — wucnbiTanHe B 0,2%-HOM pacTsope .
a 5 70 5 2 0JIeHHOBOH KHCJIOTHL B NapadHHOBOM
Bpema, muH. MacJie; 2 — HCNBITaHHE Ha BO3JyXe;
. 3—uMcnelTaiHe B YHCTOM mnapaduHo-
BOM MacJjc; a — OJIOBO, AJiMHA o6Gpasua 100 ma, nuamerp o6Gpasua — 1,02 mm, HanpsiKeHHe

2 Kke/mm?; 6 — 30J0TO, ANMHA o6pa3ua 50 mu, nuamerp o6pa3na 0,1 mm, Harpyska 70 2;
8 — 30J10TO, paaMepnl oGpa3na Te xe, Harpy3ka 80 2

HHe NPOYHOCTH TIOJ BJHSHHEM TaKHX BeLIeCTB BO MHOIO pa3 IpeBocC-
XO0JHJI0 3(p(PEeKT MOBLILLIEHHS IPOYHOCTH 32 CUET OKHCHOH IJIEHKH.
Kpamep B HemaBHO onyGankoBaHHOK pabore [119] mpuBogur yGe-
OUTeJbHble 0KAa3aTeJbCTBa B TOJb3y TOTO, YTO pa3ynpouHsIollee
neficTBHe NOBEPXHOCTHO AKTHBHBIX BellecTB CBS3aHO ¢ XHMHUYECKOH
ajpcopbuueii. OTa TOYKA 3peHHs] HAXONMUTCS B TIPOTHBODEYHH C MHe-
HHUeM COBETCKHX HccJefoBaTesell, KoTopble B CBOell He[aBHO OMyOJIHU-
KoBaHHOH paGote [6] ymBep:kmaloT, 4TO BJMSIHHE TOBEPXHOCTHO akK-
TUBHBIX BelllecTB 0OYCJOBJuBaercs puanueckoil aacopbuueir. OHn
YyKa3blBalOT, HaNpHMep, YTO IETHJIOBBIH CIHUPT He JaeT XUMHUYECKOH
aJcopOLMN Ha CBHHIE, OJHAKO TPH HCOMBITAHHH MOHOKDHCTAJJIOB
CBUHIIA B pacTBOpaxX LETHJOBOr0 CIHPTa Hab/MI0JaN0Ch IIOHHXKEeHHe
npenesna TekydectH. B paGore Kpamepa MOHOKPHCTAJIBL aMIOMUHHUS,
MeH, LMHKa U CBHHLA AedopMupoBasuch Ha 19, mocsae npexBapu-
TEJbHOH XMMHYECKOH HJIM 3JI€KTPOJUTHYECKOIl ToNupoBKH. O6pasibl
nocJie IOJMPOBKH HEMeNJeHHO NMoMelllasHch (Ha CYTKHM) B pasJjiuy-
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Hble PaCTBOPHUTENH BBICOKOHl YHCTOTHI, KOTOpBle COMepKaJju NMOBepX-
HOCTHO aKTHBHble BellleCTBa B KOJHYecTBe, obecneunBamoUieM (Kak
ObLIO NIOKa3aHO paHbllle) H3MEHeHHe MeXaHWYeCKHX CBOHCTB Me-
TanauueckKux obpasnoB. Bo Bcex cayyasix (Bk/aoyash HCIBITAHHUSA
CBHHIA B IIETHJIOBOM CIIHPTE) B PacTBOpPEe IPUCYTCTBOBAJA 'COJIb Me-
Tajjna C OpraHuYecKMM TIOBEDXHOCTHO AKTHBHBIM  BEILECTBOM
(raba. 2). Hanuune meransoB B pacTBOpe MOXKeT GbITb O0BbSICHEHO
TOJIbKO PacTBOPEHHEM IIPOJYKTOB peaKLUHH IOBEPXHOCTHO AKTHBHBIX
BELIECTB € METaJNIMYeCKUM 00pasuom.

TaG6numa 2

Pacteop Mertann ' PesynbTaT

0,1-H. pacTBOp KanpujoBo#l KHCJOTHI B ‘GeH3oje | Meap OG6pasyercsi MBLIO Me-

)& TasIa
0,05-n. pactBOp KanpunoBoi KHcJIOTHI B rekca- | To xe | To xe
JlekaHe

HacpieHHbB  pacTBop CTeapHHOBOH — KHCJIOTHI » » He ofpasyercsi MblIO
B 6eH3o0Je MeTasn1a

0,01-H. pacTBOp CTEapHHOBOH KHCJIOTH B GeH- » » OG6pasyeTcst MbUIO- Me-
3o71e TaJa

0,006-H. pacTBOp O/NEWHOBOH KHCJOTHI B Mapa- » » To xe
¢dbugoBOM MacJe

0,25-H. pacTBOp Kampu/IOBOH KHCJOTHI B rekca- | IIuHK » »
JleKaHe

0,1-H. pacTBOp KampHJIOBOH KHCJOTHI B napadu- > » » »
HOBOM MacJjie

0,006-H. pacTBOp OJNleHHOBO#f KHCJIOTHI B mapa- » > » »

¢uHOBOM Macje
0,75-H. pacTBOp KampHJIOBOrO CHHpTa B rekca- | Amowuunii | » »
JieKaHe

1,0-H. pacTBOp KanpHJIOBOro CIHPTa B rekca- »  « » »
JieKaHe

0,5~H. pacTBOp KampHJOBOrO CNHpTa B napadH- » » » »
HOBOM MacJe

0,1-H. pacTBOp KanpuJioBOH KHCJOTHI B GeH3oJe > » » »

0,01-H. pacTBOp CTeapuHOBOH KHCJOThI B GeH- » » » >
30J1e .

0,005-H. pacTBOL CTeapHHOBOH KHCJIOTHI B ma- » » >
paduHOBOM MacJe

0,006-H. pacTBOp OJEHHOBOH KHCJIOTHI B lapa- » » » »

¢uHOBOM MacJe
0,003-H. pacTBOp LETHJOBOro ChmHpTa B Mapa- | CBuHeN | » »
¢HHOBOM Macne

Kpamep [119] mokasan Takxe, YTO TIpH PacCTSIKEHHH MOHOKPH-
CTaJIIOB AJIOMHHUS B PACTBOPE CTEAPUHOBOH KHCJOTH B NapaduHo-
BOM MacJ/e H3MEHSIOTCS NPOTSKEHHOCTb H HAKJ/IOH NepBOr0 U BTO-
poro ‘y4acTKoB KpHBOH JedopMaluy, OJHAKO NPHUBEIEHHOE KDHTH-
yecxCe HampsXkeHHe CABHUra ocraercsi 6e3 H3MeHeHHs. C IOBbllle-
HHeM-KOHLEHTpalluu cTeapuHoBo# KucsaoThl po 0,002 mose/a mpo-
TSI2KEHHOCTb TIEPBOTO M BTOPOTO yYaCTKOB KPHUBOH YyBeIHUUBAETCS, a
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HakKJOH yMmeHbluaercsl. Eimie Gosbliee yBenuyeHHe KOHUEHTpalUH
CTEapHUHOBOH KHCJIOTHl NPUBOMUT K yMEHBIUEHHIO TPOTSXKEHHOCTH H
yBEJIHUEHUIO HakKJOHA 3TUX yyacTkoB. Ilpu nobaBijieHunm creapara
aJIOMUHHs K pactBopy, coxepxamiemy 0,002 moss/s creapuHOBOH
KHUCJIOTBI, NPOTSI?)KEHHOCTb M HAKJOH TIepBOro M BTOPONO Y4acTKOB
KPHBOH pacTsiXkKeHHs NOJNyYyaloTCs TaKHMH Ke, KaK y MOHOKPHCTAJ-
JIOB aJIIOMHHHS, NIOJBEPIHYTHIX PACTSIKEHHUIO B YHCTOM TiapadHHOBOM
macne. CorsmacHo Kpamepy, BHauya/je IPOHUCXOAUT OOBIUHBIN MpO-
Hecc ¢uanyeckodl axcopOLUUM MONSPHBIX MOJEKYsJ Ha I10BEDPXHOCTH.
Oxnaxko B TIPHCYTCTBHH BOJBI HJIH KHCJIOPOAA HJTH [93, 94] npu Hanu-
YUU TNJ1aCTHYecKoHd AedopManuu MOXKeT BO3HUKHYTb XHMHYecKas
peakussi ¢ obpasoBaHueM Mblla MeTaJ/n0B. O6pasylolinecss TakuM
06pa3oM MblJa MeTaJJ0B He OCTAIOTCS Ha NOBEPXHOCTH, TaK Kax
OHN HaXogATCs B JHHAMHYECKOM pPAaBHOBECHH, H CIYCTS HEKOTOPBIA
3aJlaHHBIll NPOMEXKYTOK BPeMeHH 4aCTb MBUIBHBIX MOJIEKYJ mepeiier
B pacTBop, TOrJa Kak Apyras 4acTb OCTAHETCs B alCOPOUPOBAHHOM

cocTtosiHuu. B pesysbTaTe npousofifieT pacTBOpeHHe MeTaJssa Ha Io-
BEPXHOCTH M, KakK CJeICTBUE, YMeHbllleHHe KOJMYecTBa AMUC/AOKaUUH
B 336JIOKPIpOBaHHbIX y TNOBepXHOCTH rpynnax. PacTBopenue Mbliaa
METaJIIOB MOXHO TaKXKe CBSI3bIBATb € IOHUIKEHHEM TIOBEDXHOCTHOH
" 9HEpTHH, TTOCKOJbKY CHJILI CBSI3H MEXKAY COCeIHHMMH aTOMaMH JOJIXK-
HBl YMEHBIIUTbCs. Y MeHblleHHe KOJHYecTBa AUCIOKAUHMH y NOBepX-
HOCTH NpuBeIeT K 0caabJeHHI0 B3aUMOAEHCTBUSl MeXAy TIpynnamu
JUCAOKAIUA U yMEHbLISHUI0 YucJaa 00pasylolIuXcs TpensTCTBHH
Jlomep — KoTTpesna, B pesyibTaTe 4ero CHH3UTCA ‘KOFPOHUILHEHT
ylpouHeHHsl. []OCKOJIbKY XapaKTepHUCTHKH IJ1aCTHYECKOTO TeYyeHHd
MEeTaJJIOB ONpeNeNsiloTCs JIerKOCTbIO TIPOXOXKJEHHsI NHUCTOKaIUil ye-
pe3 KpHCTaJJ, yiajeHue AHCAOKALMH XMMHYECKHM TYyTeM IDHBeIeT
K YMEHbIIEHHIO HalpsKEHHs TeUeHHs M yBeJHYEHHIO CKOPOCTH IIOJ-
3yuecTd. B TakoM ciyuae MexaHH3M BO31eHCTBHS MOBEPXHOCTHO aK-
THBHDIX BEIeCTB MO CYLLEeCTBY He OTJHYaeTcs OT Ipoliecca yAaJeHHs:
MOBEPXHOCTHOIO CJI0sI TIPU 3JEKTPOJUTHUECKOH mosupoBke [120]
A HeKTUBHOCTh BJIHSHUS IOBEPXHOCTHO AKTHBHBIX BeLIeCTB Oymer
3aBHCETb OT CKOPOCTH pacTBOpeHHsi oGpasylolllerocs Mbljia MeTaj-
JoB N Oyner OnpenensTbcsl KOHLEHTpalluel pacTBopa, NpHPOIOH
pacTBOpHUTE/s, AJHHOH M TUIOM OPraHHYECKUX MOJIEKYJ, THIIOM IO-
JSPHBIX TPYIN H 3Hepruefl ancopOuuu.

[IpuHsB, yTO pa3ynpoYHSIOMHHA 3(HEKT TOBEPXHOCTHO AKTHBHBIX
BElecTB SIBJISAATCS pe3y/abTaTOM XHMHUeCKOH ajcopOUuH H Tocje-
AYIOUIero pacTBOPEHHS MblIAa METaJ/lJIOB, MOXXHO OOBSCHUTb (HopMy
KpUBOH MoJ3yyecTH (puc. 21), a TakKe Jpyrue siBjJeHHs, CBsI3aH-
Hble ¢ AelCTBHEM IOBEPXHOCTHO AKTUBHBIX BellecTB. IIpu HH3KO¥
KOHIIEHTP Al TIOBEPXHOCTHO aKTUBHBIX BELIECTB 'CKOPOCTb JOCTHXKe-
HHUS NOJSPHBIMH MOJIEKYJaMH MeTaJ/lJIMYecKOH IOBEPXHOCTH HeBesU-
Ka, OJHaKO CKODOCTb PAacCTBOPEHHUS MblIa MeTaJJOB MOXeT ObITh
6osbinoi. KosnyecTBo pacTBOPSIOLIErocs MeTalla H, CJAeLOBaTe/b-
HO, KOJIHYECTBO JHUCJAOKAUHMH, YHAJSIOWIUXCS H3 3a0JOKHPOBaHHbLIX
rpymn, COOTBETCTBeHHO MaJjo. [Ipu yBenuyeHHH KOHLUEHTpPALMH TO-
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BEPXHOCTHO AKTHBHBIX BELLECTB CKOPOCTb AJCOPOIMH NOIAPHBIX MO-
JIeKyJsl NOBLILIAeTCs M KOJHMYECTBO MOJIEKYJ Mblja METaJJIoB, Tepe-
XOASILIUX B PACTBOp, Takke yBeiuyuBaercs. OQHAKO IpH JOCTHNKe-
HHM HEKOTOpOH KOHLEHTpalMH TIOBEPXHOCTHO aKTUBHBIX BellecTB
CKODOCTb DPacTBOPEHHS MblJa MeTaJJJ0B HauHeT YMeHbIIaTbCs BCJIEH-
CTBHE HAaCHILEHHUs] pacTBOPa MOJIEKYy/JaMH MblLJIa ‘METAJI0B. ITa KOH-
LeHTpallusi COOTBETCTBYET MakcuMyMy KpuBoi. Kopoue rosops, Ha
BOCXOJAsIIEeH BeTBH KpHUBOH (cM. puc. 21) HHTEHCHBHOCTb pa3ympou-
Hsollero >ddexra ompeaensercs CKOPOCTbIO ancopOIuH, KOTOpas
NOBLIIAGTCS C YBeJHYEHHEM KOHUEHTPalldd IIOBEPXHOCTHO AaKTHB-
HbIX BellecTs. Ha Hucxopasileil BeTBM KpUBOH MHTEHCHBHOCTb pas3yIl-
pouHsifollero 3¢dekra onpenessiercss CKOPOCTbIO AeCOPOLUHY MeTasl-
JgoB. CKopocTh AecopOuuu B 3TOM cJjaydyae GylJeT yMeHBUIATbCS C
yBeJHYeHHeM KOHLeHTpalWH NOJspHBIX MoOJekyJ. B obiem, nnas
JaHHOTO PacCTBOpPHUTE/]S H JAHHOTO MeTaJjJa PacTBOPHMOCTb MblJIa
METaJII0B GYNeT YMEHBIIATLCA C yBENHYEHHeM IUIMHBI LeTH OpraHi-
YyecKOil MOJIeKyJsbl. PacTBOPHMOCTb, 'KOHEYHO, 3aBHCHUT TaK¥ke U OT
HaJH4YHs JBOHHBIX U TPOHHBIX CBsideH, OOKOBBIX OTBETBJEHHBIX
rpynn U xp. Takum 06pa3oM, MOXKHO OXHIATh, YTO C yBeJHUEHHEM
IJIVHBL 1leIH MOJIEKYJbl TIOBEPXHOCTHO aKTHBHOTO BelllecTBa MakKCH-
MYM Ha KPHBO# CIBHHETCS B CTODOHY 0GOjiee HH3KHX KOHIL@HTpali
(cM. puc. 21). Kpome Toro, moMmumo pasdynpouHsmoomero sgdekxra,
CBSI3aHHOTO C pacTBOpPeHHeM MeTaJjja Ha NOBEepXHOCTH, HabJIomaeT-
csl TeHJAEHUHs K YIPOYHEHHIO MOHOKDHCTAJ/JIOB BCJEJCTBHE HHTEH-
CHBHOH afcopbuuu Mblla MeTassoB, OKOHUATeNbHBIH pe3y/bTar Oy-
€T 3aBUCETb OT PA3JIUYUSl B BO3LEHCTBHHM ABYX KOHKYDUPYIOIIUX
npoueccoB. IIpn oueHb BBICOKHX KOHUEHTpauusX, GJH3KHX K KOH-
UeHTpalliil HachlLeHHOro pacmBopa, ©OyaeT NpPOHCXOLUTh obliec
yIpOouYHeHue MOHOKPHUCTAMNIA.,

B npyroit pa6ore Kpamepa u emepa [121] Biusinue cocrosinus
noBepXHOCTH Ha xapakrepHble yuactku (I, II u IIT) xpusoit pacrts-
JKEeHHs1 H3y4asnochb TyTeM pacCTsXKeHHs aJIOMUHHEBBIX MOHOKPHCTaJ-
JIOB ‘B 3JIEKTPOJIMTHYECKOH BaHHe, YTO NO3BOJIAJNO OCYLILECTBJAAThL pac-
TBOpEHHEe MeTaJja ¢ TMOBEPXHOCTH B npoliecce nedopmainuy. OnbiTh
npoBonuJUCh TIpH 3° M MJIOTHOCTH ToKa ~0,2 afem?. Tlpu Takux
YCJIOBHSIX CKOPOCTb PaCTBODEHHs] MeTajljla C TIOBEPXHOCTH COCTaBJIsl-
aa 0,0076 mm/mun. Ilpu ckopoctn medopmanuu, paBHoit 1075 cex!,
NPOTAKEHHOCTb NIEPBOTO H BTOPOrO yYaCTKOB KPHBQH pacTakKeHHS
yBeJIMYUBANach, a HAKJOH HX yMeHblIaJCs, 110 CPaBHEHHIO C KPUBBI-
MH PacTAXKeHUs, TTONyUeHHbIMH IIPH HCIIBITAHUU 06PasiloB B BOJE IPH
TOH XKe TeMlepaType u CKopoctu nedopmauuu. Hanpsikenue, npu
KOTODOM HayHHaeTCs TPETHH Y4YaCTOK KPUBOH DaCTSKeHHs, TaKkKe
noHu3unoce (puc. 39). OTMeueHHble BbIlLe U3MEHEHHs B XapaKTepe
MpoTeKaHus gedopMald 3aBUCAT OT CKOPOCTH HedOpMalUU H CKO-
pOCTH pacTBOPeHHs] MeTaJia Ha nosepxHocTH. IIpu ckopocTu nedop-
mauuu 1074 cex™! u naotHocTH ToKa ~0,2 a/om? mapaMenphl, xapaxk-
Tepusylolllue NPoTeKaHHe AedOpMalHd, TakKkKe H3MEHSIOTCS, HO B
Menbillelt creneny. HaGmonaercs Takolt a¢deKkT MrHOBEHHOTO OCBO-
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GoxneHuss pucnoxkauui. Ilpy NOBBINEHMHM NJIOTHOCTH TOKa B IIPO-
unecce nedopmanuyu HabJaoLaeTcs BHe3amHOe yAJHHeHWe obOpasua.
Ha pwmc. 40 mpuBeneHa THNHYHAss KpuBash «Harpyska — pedopwma-
uvs», MosydeHHas MpH ckopocTH pedopmauuu B 107° cex™! u Ha-
yasJbpHOH cHJle ToKa B 2 a. B HauaJse TpeTbero yyactka KpHBO# pac-
TAXEeHHs CHJIa TOKa yMeHblIMJjach A0 1,5 a, @ 3ateM BHe3amHo Oblia
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Puc. 39. Kpupble pacnsxenus amoMmuHus npH 3° C ¥ CKOPOCTH
nedopMamun 10-5 cex—1:
1 — ucnelTaHHe B Bome; 2 — ch[bl'ralmne B 3JIEKTPOJHTHYECKOR BaHHe
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Puc. 40. KpuBas medopMauun MOHOKpHCTaaa amomuuus mpu 3°C
B 3JeKTPOJNMTHUECKOH BaHHe. HapyllleHHe HenpepLIBHOCTH XOfa KDH-

BOil TNPOMCXONHT TIPH M3MEHEHWH CHJIB TOKAa B 3JEKTPOJHTHYECKOH
Bante {120]

BHOBb IIOBHIIIEHA A0 2 @ B 3TOT MOMEHT NPOH3OIIIO0 MIHOBEHHOE
CHHXKeHHe Harpy3KH BCJeLCTBHe ObICTPOro yAJNHHeHHs obGpasua. Bo
BpeMs JaJbHeHIIHX HCIBITAHUN DU CHJIe TOKA B 2 @ HAKJIOH KPUBO#H
«Harpyska — nedopmanus» HayaJg MeNJIeHHO YyMeHblIaTbCs. [lpn
CHUXeHuH cuabl Toka xo 0,5 @, HaKIOH KpUBOH YNpOUHEHUs HayaJ
6 3akas 1837 73



ONATh yBeJHYMBATbCA. [IoBbHIIIEHHe cuIbl TOKAa JO 3 @ TPHBEO K
pe3KoMy TIaJeHHIO HanDy3KH M IOCJe TOBLILIEHHsT HArPY3KH 10 HC-
XOJIHO}l BeJMUMHBI HAKJOH KPUBOH pe3ko yMeHbllujacs. Hu B omxom
cJayyae TpH TIOHHUXKEHHH CHJIbl TOKA C BHICOKOTO 3HAYeHHsl IO HU3KOTO-
He HabJI04a/OCh HapYlIeHHs] HellpepblBHOMO XOJa KpHUBOH.

UccnenosaTtenu (1201 cuuraloT, yTo sBjeHHEe BHE3aIIHOTO OCBO-
GOXKIeHHUs OUCIOKALUWH CAYXKHUT J0Ka3areJbCTBOM HaJauuus 3a6Jo-
KUPOBAHHBIX TPYMNN Y TOBepXHOCTH. [Ipu moBbIlleHHH CHJBI TOKa B
3JIEKTPONUTHYECKOH BaHHE CKOPOCTD YAaJIeHHs METaJJINIeCKHX HOHOB
yBeJHYMBaAETCA HJH, HHBIMH CJIOBaMH, CBOOOJHAs 3HePIHUs IOBepX-
HOCTH B YYaCTKaX DacloJIOXeHHs AUCIOKalui ymeHblIaercs. B Ta-
KOM CJyuae HaIpsKeHWe, co3nalolleecs y CKOMJIEHHH AHCAOKalUuH,
CTAaHOBUTCS AOCTATOYHBIM MAJI UX OCBOOOXKIEHHS.

B apyro#t cepun onbitoB Kpamep {119] monyuun naHHble, cBHAE-
reJbCTBYIOLLME O TOM, YTO HA {I€PBOM YyyacTKe KPHUBOH PacTAKEHHS
GoJblas yacTh JAUCAOKAIHil SanepKuBaeTcs y MoBepXHOCTH. MoHo-
KPHCTAJIJIbl aJIOMHBHS NepOPMHUPOBAJUCL B 00JaCTH TIePBOro yua-
CTKa KpHBOH PacTsXKeHHS, 3aTeM Harpy3Ka CHMUMaJsachb M C Tonepey-
HOTO ceueHus 00pasla NyTeM 3JeKTPOJHTHYECKOH MOJHPOBKH yia-
asjaca caoi Merannaa TomuuHo# 1,02 mm. Ilocse noBTOPHOrO MpHJIO-
’KeHHs HaDpy3KH KpPHTHUeckoe IpHBeJeHHOe HaNpsKeHHe CIOBHra 9
MPOTS2KEHHOCTb TI&PBOr0 yyacTKa KPHBOH pacTAXKEHHs NOJYyYHIHCDH
TAKHMH XK€, KaK U y HCXOLHOTo o6pasla.

Ha ocHOoBaHMHM 3KCIepHMeHTaJbHBIX NaHHBIX Kpamep cuuraer,
4TO CYLLECTBYIOLIHE TEOPHH YIPOYHEHHS JOJXKHBI ObITb U3MEHEHBl ¢
yu4eToM CYLIeCTBEHHOI'0 BJMAHHSA, OKa3blBaeMOTO TOBEPXHOCTbIO Ha
XapaKTepUCTHKH IJIaCTHYECKOTO TedyeHHs MerassoB. OH mpexmnoJo-
AKUJ, yTO CO3JAIOLLHecs y NMOBEPXHOCTH CKOIJIEHHST JIHCJIOKaIHil
(B mepBHYHOH H BTOPHYHOH CHCTE@MaX CKOJIbXKEHHSI) MOTYT B3aHMO-
LefCTBOBaTh MeXJAy COG0H M CYLIeCTBEHHO BJIHSATb Ha HAKJIOH H
MPOTSKEHHOCTb IIEPBOrO H BTOPOrO y4acCTKOB KPHBOH KedOpMalHH.

Bausnue NOBEPXHOCTHO QKTUBHbLX 8eU,eCT8 U 3NEeKTPOAUTO8
Ha ceolicTsa NOAUKPUCTAANUUECKUX METAAN0B

MoXHO NPenNoJOXHUTb, YTO TIOBEPXHOCTHO AaKTUBHbIE BELIECTBA
H 3JIEKTPOJIUTHl OKAa3bIBAIOT Ha MeXaHHYecKHe CBOHCTBA MOJHKDH-
CTaJJHYECKHX METaJjlJIoOB TaKoe 2Ke NeficTBHe, KAK M Ha MeXaHHye-
CKHe CBOMCTBa MOHOKpHCTasnoB. [lo-BHpuMOMYy, ‘GOJblIe BCErO HC-
c/ienoBaTesbCkiX pabor B 3TOH 06sacTu GblIO NpoBexeHo PeGuine-
POM H €ro CoTpyAHHKaMu {6].

3akouwkoBa [121] uccrenoBana TOMOCKH TIOJHKPUCTANIHYECKOH
venu (0,04 mm) ¥ noKasana, 4ToO oOCJe PaACTSKEHHUS 1O HANlpAKEeHHU s
7—12 Ke/mm? u mOCHeAYIOIEero pasrpy:KeHusi ¢ TOH Ke CKOPOCTBIO
MMeeT MecTO 3HAUHTeJbHOe YINpyroe NOCJAeleHCTBHE U THCTEpEe3HC.

Pe6unnep 1 BeHncrpem [122] uccienoBanu mossyyectb TOJ0COK
0JIOBSIHHOH (POJIbI'M U CBHHIOBLIX U MeIHbIX 0Opas3lloB B YHCTOM Ba-
3eJIHHOBOM MacJjie H KepOCHHe, COAepXkalluX pasJHYHble IOBEpPXHO-
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CTHO aKTHBHBle BelllecTBa. BajiepbsiHOBAsl KHUCJOTA, TENITAHOBAs KHC-
JIOTa, LeTHJAOBLIH CIUPT M CTeapHHOBAsl 'KHCJIOTA 3HAYUTENbHO CHH-
KalOT BEIHYHMHY YAJHHEHHs N0 paspylleHus. Bpems no paspyure-
HHSl YMEeHBbIUIHJOCh NpuMepHo Ha 509 W Ha KPHBOH H3MeHEHHs Bpe-
MEeHH [0 PaspylleHusi B 3aBHCHMOCTH OT KOHLUEHTPAlUH NOBEPXHOCT-
HO aKTHBHOTO BellleCTBa MOJYYHJCS TaKOH e MHHUMYM, KakK M B
clydyae HCIBITAHMS MOHOKDHCTAJJIOB. YKa3blBaeTcs, YTO BeJHUHHA
3epHa HUTpaeT 3HAUHTENBHYIO POJb; C yBeNHUYEHHEM 3epHa CKOPOCTb
YOJI3YUECTH TOBBIIIaeTCs.

PacTBOp TOBEDXHOCTHO AKTHBHOI'O BelleCTBA B HENOJSPHOM
pacTBOpHTENe MOHHKAET yCTaJOCTHYIO NPOYHOCTb cranu {123] npu-
HCIIBITAHHH Ha KpYyueHHe ¢ u3ru6oM. Ilpu HaMHUMU B Ba3eJMHOBOM
macae 0,2% OJEHHOBOH KHCJOTBI YCTaJOCTHAs MPOYHOCTb CTAJH
cHusuaach 6osee ueM Ha 50% (raba. 3). OpHako B cayyae oGayB-
KH CTaJH JAPOObIO HJIH a30THPOBAHUS MOBEPXHOCTHO aKTHBHBIE Betlle-
CTBa He OKa3blBaJH ‘npaxmlxecmx HHKAKOIro BJIUAHHUA.

Ta6auua 3

UHCJI0 LHUKJOB 0 paspylIeHHs
MJIH.
Cpena Cpeanee
1 2 3
BasenvHoBoe Macsio HJIH BO3AYX . . 1,64 1,73 1,60 1,66
Basenunosoe macyio u 0,2% oneuﬂosou
KHCJOTBL v v v v v v e e e v e e s 0,62 0,59 0,90 0,70

Caro [124, 125] B cBOeM HCCIeIOBAHHUU 110 BJUSHHIO PasJIMUHBIX
opel YKasblBaeT, YTO paspyllaiolllee HalpsiKeHHe CTalH CHayasnaa
yMEHBILAETCs ¢ YBeJHYEHHEM TIOBEPXHOCTHOT'O HATSKEHHS pacTBopa,
a 3areM, C JaJbHEHIIUM yBeJlUYeHHEM MOBEPXHOCTHOTO HATSXKEeHHUs,
yBeaunyuBaercs. OH Takike YCTAHOBHJ, YTO MOAYJb YyIPYrOCTH
ymenpuiaercs Ha 20%.

Benemnxc {126] yxasbiBaer, uTo IpU ancopOLUHMH KHIKOCTeH Me-
XaHUYecKasi IpOYHOCTb U O0beM TBEPIBIX TeJs, BKJIOYas U MeTaJlbl,
usMensiercs. Tak, HanpuMep, BOJa yMeHbIIaeT NPOYHOCTb CTeK/a Ha
23%, a ormyuleHHOH craaud Ha 22Y%, Torma xak GeH3WH IIOBBIIIAET
NMpOYHOCTh cTanu Ha 27%. Huth U3 mByokncu KpeMHHS HJIH IPOBO-
JIOKH TIIATHHBI yAJHHSIOTCS IIpU TIONPYXKEeHHH B BORY, H cOKpalla-
IOTCSl J0.HUCXONHOH JJHHBI nocje npocylIkH. CreneHb yAJUHEHHS
KBaplla B Pa3JHYHbIX XKUJKOCTAX YBEJHYUBAETCs C MIOBBILIEHHeM IIO-
BEPXHOCTHONO HATSKEeHUs XKUIKOCTH. BO3MOXKHO, UTO 3TO siBJIeHHE,
Ha3BaHHoe DeHenukcoM «/JIMKBOCTPHKIIMEH», CBS3aHO C H3MEHEHHEM
SHepPTHH Ha NOBEPXHOCTH pasjesa TBepIOoe TeJO — XKHUIKOCTb U MO-
)KeT GbITb MCIIOJIB30BAHO B KaueCcTBe MeTORAa HM3MepeHUs SHEpPTHH Ha
[OBEPXHOCTH pa3jesna TBEPAOTO TeJa H KUIAKOCTH.

BeposTho, siBnenus, HabJionaeMble IPH HCIBITAHHH METaJJOB B
BaKyyMe WJIU CIIeI[HaJbHO CO37aBaeMblXx aTMoctepax, TeCHO CBs3a-
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HBI ¢ JeHCTBHEM [IJIEHOK M3 OPTraHHYECKHX COeNMHEHHH ¥ 3J1eKTPONU-
T0B. Bce Matepuanb npu BbIIepXKKe B OOBIYHOH aTMOocdepe GHICTPO
TIOKPBIBAIOTCSI MaCASHUCTOH IJIEHKOH, 4acTO CMeLIaHHOH ¢ BOJOH.
Ora nueHka aacopGupyeTcs M3 COAEPHKAIIUXCS B BO3AyXe MKUDHBIX
MacCesq W BOIBI M COAEPKUT 60/bLIOE KOJHYECTBO TOJSIPHBIX MoJe-
KyJl W HeHachbllleHHBIX yrjeBomgoponoB. Ilpenmosaraercs, 4To Takue
TUIEHKH MOTYT OKa3blBaTb TaKOe e BJHMAHHE, KaK H PacTBOPEHI, CO-
JlépKalllie TIOBEPXHOCTHO AKTHBHble BEIUECTBA, HJH 3JEKTPOJIUTHI,
€CJIY .TIJIeHKa COMEepPKUT PacTBOPUMBIE 3/1EKTPOJUTHL. K coxasenuo,
¥MeeTcs OyeHb MaJio paboT, B KOTOPHIX H3y4aJoch Gbl BJAHSHHE IO-
HH2KEHHOTO JaBJIEHHs] Ha 'MeXaHHYyeCKHe CBOHCTBA ‘MeTaJlJioB.

TFayu n Comsuc [127] onmpesme/isiin yCTaNOCTHYIO TIPOYHOCTh pas-
JIHUHBIX METAJJIOB IIpH PAaCTSAXeHHH — CKAaTHM Ha MalluHe Xalira,
npucnocobaeHHOH [/t HMCHbITaHusi O0Opa3lWoB IMPH JaBJeHHH B
1073 mm pr. cT. Ha ocHOBaHHHM TOJyYeHHBIX NaHHBIX CTPOHUJIUCH KPHU-
Bble ycrajgocTd. IIpenes BBIHOCAMBOCTH CBHHILA TIOBBICHJCS OoJee
4yeM B ABa Pasa, TOrga Kak Tpeles] BbIHOCIAUBOCTH MENH H JATYHH
yBesnuuuscs Ha 13 u 269% coorBercTBeHHO. BBIIO ycTaHOBMEHO, yTO
CHHXK€HHe IIPOYHOCTH CBSI3aHO € Ha/JHYHEM KHCJIOpPOZAa U BOASTHOTO
napa. Hu oaun u3 rasoB He sBjsercs o4eHb 9(DOEKTHBHBIM caM IO
cebe [128, 129]. ‘

Boncsopc [130] ycTaHOBHI, YTO NpH NOHHXKEHUH JABJEHHS OT aT-
mochepHoro no 1075 mm pr. cT., HONrOBEYHOCTb MEIH, aJIOMHHHS H
sosota yBenuyuBaercs B 20; 10 u 1 pas coomBercTBeHHO. BomsiHoil
nap yMeHbllaeT AOJTOBEYHOCTb aJIIOMHHHs, HO He OKa3blBaeT HHKa-
KOro BJIMSIHHSI Ha Melb. Kucmopon CHUXKaeT NOJTrOBEUHOCTb MENH H
aJIIOMHHUSA, OJHAKO NPUCYTCTBHE BOASHOTO Ilapa He BJMSET Ha TOJy-
yeHHBle pe3ysbTaTbl. [3MmeHeHus B cocTaBe aTmocdepbl, T10-BUIM-
MOMY, He BJHSIIOT Ha YCTaJOCTHYIO TIPOYHOCTb 30J10Ta. Biusnue ra-
30B Ha aJIOMHHHH, TIO-BUAUMOMY, CBSI3aHO C YyBeJHYEeHHEM CKOPOCTH
pacnpocTpaHeHHus TpellHuH; BpeMs 3apOXKIEHHS TpPellHH OCTaeTcs
NOCTOSTHHBIM He3aBHCHMO OT TOro, NPOBOAMJIKCH HCILITAHUS B BakKy-
yMe MJH Ha BO3JAyXe.

Cuoynen u I'punByn [131] HenaBHO onpenensiu U3MeHeHHe ycTa-
JIOCTHOH IPOYHOCTH H NMOBEPXHOCTHOH AedOpMalliyd CBHHLA NPH HC-
NbITAHWY Ha BO3QYyXe M B HEMOJHOM BaKyyMe. DhlIo ycraHos/eHO,
4TO JOJTOBEYHOCTb OYEHb YHCTOI'O CBHHUA 3HAYMTENBHO TIOBBHILIAETCS
NpHU UCIBITAHUU €0 B BaKyyMe NpH AasjeHuu 5+ 1073 mm pr. cr. O6-
pasibl, HCOBITaHHblE Ha BO3AYXe, paspyllauch [0 TPaHULAM 3epeH
npu He6oJbIIOH NOBEPXHOCTHON AeopMal|My, TOTAa KaK Ha TOBepX-
HOCTH 06pasloB, UCHBITHIBABILUXCSA B BaKyyMe, HabJonanoch o6pa-
30BaHUe psma 60po3j, pacrnosaramolluxcs 0 HalpaB/JeHHIO MaKCH-
MaJIHOTO HaNpsXKeHHs CIBUIa; paspylleHHe 3THX 06pasloB Mpo-
MCXOIUJIO TIO HEKOTOPBIM U3 Gopo3n. Hannure ycTanmoCTHBIX TpelinH
Ha TOBePXHOCTH 006pa3lloB, HCIBITAHHBIX HAa BO3JYyXE, NMPHUBOIUT, IO-
BHIMMOMY, K CHUXKEHHIO TIOBEpXHOCTHBHIX HANpSXKeHUH U COOTBETCT-
BEHHO K YMEHbLIEHHIO IOBEPXHOCTHOH AedopMailuy.

B paGorte Hlanunana [132], u3yyasuiero BJHsAHHe cpeibl HA AJH-
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TeJbHYI0 MPOYHOCTh HEKOTOPBIX NPOMBILIJIEHHBIX CIIJIABOB (BK/IKIOYas
HHU3KOJIETHPOBaHHblE CTAJH ¥ Pa3JHYHble CBEPXIPOYHble CIJIaBhI),
OBLIO IIOKa3aHo, YTO MCCAELOBAHHbBIE MaTepHaJbl IPH HCIBLITAHUU HA
BO31yXxe HMeJqu GoJsiee BBICOKOE CONPOTHBJIEHHE IOJ3YYeCTH H BbI-
nep:XUBanu 6ojiee AJNHUTeNbHOE BPeMs N0 pa3pyllieHus, ueM IpU
HCIIBITAHUM B BaKyyMe HJIM B aTMoctepe a3oTa, KHCA0pPOJA UJU Te-
aus. CnyaBbl, XapaKTepU3ylolluecss OTHOCHTENbHO HEBBICOKOH mJa-
CTHYHOCTBIO, IOKa3a/u GoJiee BHICOKYIO UYBCTBHTEJIbHOCTb K BO3JAEH-
CTBHIO Cpelbl TIPH HCIBITAHMM HaApe3aHHBIX '06paslos (MO CpaBHe-
HUIO C riagkuMu obGpasmamu). Cnaas, KOTOPBIE crocobeH yIpou-
HATbCS MIPH HAJMYUK Hajape3a B ONHOH aTMochepe, MOXKeT pa3ynpou-
HATBCS B -APYroi. '

lannan u Axrep {133] onpenensiin TakXe AJMTENbHYIO TpPOY-
HOCTh HuKejeBoro cmiaBa ¢ 20% Cr u muxpoma V. Ilpu Bbicokux
TeMIepaTypax H MaJjiofl CKOPOCTH AedopMauuu cnsaB nokasana 6o-
Jiee BBICOKYIO TIPOYHOCTD IIDH HCIBITAaHHU HA BO3AYyXe, 4eM NIPH HUCIbI-
TaHMHH B BaKyyMe, OLHAKO IPH HHU3KHUX TeMIepaTypax U GOJBILOMH
cKopocTH Aedopmamuu Habmogaercs o6paTHasi 3aBUCHUMOCTb. [lpn
JIUIHTEJNBHBIX HCNBITAHUSX ITIPH BBICOKHUX TeMIlepaTypax TpPOHCXOLUT
3aMeTHOe yIpOYHEHHe CIJIaBa € OJHOBPEMEHHBIM yBeJHYeHHeM IJia-
CTHYHOCTH. DBIJIO BBICKa3aHO NpenroJioKeHHe, YUTO MeXaHH3M BJIHS-
HHs aTMoctepbl Ha TPOYHOCTb CMJaBa 3aBHCUT OT ABYX KOHKYpH-
PYIOIIMX IIPOIECCOB; YIPOYHEHHS] 3a CYET OKHUCJIEHHS M pasylpou-
HEHHsI BCJIEJCTBHE IOHUXKEHHS TOBEPXHOCTHOH SHEepPruH, BbI3bIBae-
Mol afcopbuueit rasa; agcopbuusi cHuxaer pabory, HeoO6XOZUMYIO
L7151 pacNpOCTpPaHeHHs TpPeLlHHBI.

Pacuersl, mposenenubsle Axtrepom 1 Pokcom [134], mokasanu, uro
CKOPOCTb amcopblUuu B BaKyyMe, BEPOSTHO, HACTOJIBKO MaJja (IpH-
MEpHO HUXKe Ha IBa IOPSANKA), YTO gaxKe IPU IJIUTEJIbHBIX UCIbITA-
HHAX Ha CBEXUX TIOBEDXHOCTSAX (BHOBb 06pasyloLUXCs IIPH paclpo-
CTpPaHeHHH TpEIIUHBI), He ycleBaeT CO34aThbCS HACBIUIEHHBIH CJIOH.
[TIpn Gosee KpaTKOBpeMEHHBIX HCIBITAHUSIX BpeMs, B TeueHHe KO-
TOpPOD0 MOXeT 06pa30BaTbCs HACBIUIEHHBIH CJIOH, yMeHblIaeTcs elle
Gosplie. DTo 0ObsACHAET HabMIOaeMoe pasd/juyue B TPOYHOCTH TIpH
MCIOBITAHUH HA BO3JyXe W B BaKyyMe.

HukeneBble TpyOBl IPH HCHBITAHUSX HA JJIUTEJNBHYIO HPOYHOCTD
apu 815° umenu [135] Gosee BEHICOKYIO NJIHMTENbHYIO NPOYHOCTH Ha
BO3JYyXe, yeM B aproHe. B HenaBHo ony6nnkoBaHHOM o630pe [136]
MPUBOJATCS JOTIONHHUTEIbHbIE NAHHBIE O BJMSHHH Pas3IHYHBIX Cpen,
B TOM YHCJe ra3oBoif aTMoocdepbl, Ha NOBeIeHHe CTaJjefl U pas3suy-
HBIX CIJIaBOB B IIHPOKOM HHTepBaJie TEMIEepaTyp.

[Tukyc n Ilapkep [137] nokasanu, 4To CKOpPOCTb MOJI3YYECTH HH-
KeJIsh TIPH UCTIBITalliH 114 BO3JYXe HUXKe, YeM IIDH UCIBITAHUU B BOJIO-
pofe HJH a3oTe. YCTalOBJIEHO, YTO CKOPOCTb IIONIBYYECTH MeIH M
aJIIOMMHHSA Ha BO3Lyxe Hike, ueM B requu (138l Popucreep u Kaa-
yce [139] yeranosivin, uto pazpylieHHe TOHKHX IPOBOJIOK NMPH HCIbI-
TaHHH HX B PAIJHUNLIN I130BLIX aTMoc(hepax MpOUCXORUT MpH GoJee
HU3KOM HaTpPSXKeNil, 110 CPaBicuIo ¢ HonbiTasueM B Bakyyme. OHU
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OOBACHUIM TONyYeHHble UMU JAHHble «KOHIeHcaluel» ra3oB Ha
noBepxHocTH. HenaBuo Axrep [140] ony6aukoBas faHHBIE O Pe3YJib-
TaTax HCNBITAHHS HUKeJass B a30Te, BakyyMme (IIpH [JaBJeHHU
1075 mm pr. cr.) ¥ Ha Bo3xyxe npu 650 u 815°. B asore Bpems no
paspylienus o6pa3ioB ObLIO MeHblle, YeM TIPH UCIBITAHHH B BaKy-
yMe U Ha BO3AyXe. Bpemsi 10 paspyllieHHss yMeHBIIAETCs C yBeJHue-
HHeM yucToThl azora. [Ipu 650° u Hampskenuu B 7,0 ke/mm? oGpas-
UBl BBIIEpXKaau Ao paspylieHus 102 4 B Bakyyme, 78 Ha Bo3ayXe H
30 « B a3ore. Tak Kak HUTPUA a3ora HeycroiuyuB mpu 650°, To Ax-
Tep IpPENNOJIOXKUJ, YTO YMEeHbLIeHHe BPEMEHH N0 pa3pyLieHUs IpH
HCIBITAHWH B a30Te NPOHCXOIHUT BCJENCTBHE OTCYTCTBHSI YIPOUHSIO-
wero 3¢ dexra Kuca0poaa, a ancopbLUus azoTa cnocobCTBYET yBeH-
YEHHIO :CKOPOCTH PaCIPOCTPAaHEHUs] TPELIHHBl. DTO BbI3bIBAET Mpex-
IeBpeMeHHOe pa3pyllleHue Meranna. Ha o6pasnax, MCHBITAHHBIX B
asore, Habuionaercs GoJsbllee KOJHYECTBO TpellMH, yeM Ha o6pas-
11aX, HCNIBITAHHBIX B JBYX APYTHUX Cpelax.



OBCY)XKIOEHHE PE3YJIbTATOB

IToBepxHOCTh MeTassa HaXOAUTCS B CAaMbIX Pa3JIHYHBIX COCTOS-
HHSIX, YTO MOXKeT H3MEeHSITb MeXaHWYeCKHe CBOHCTBA. Y- CTAHOBJIEHO,
YTO XapaKTEPUCTHKU TJACTHYECKOTO TEYEHHS MEeTaJlJIOB IIPH HCIBI-
T@HHH Ha pacTaXKeHHe, CONPOTHBJEHHE II0J3YYeCTH, yCTaJoCTHas
NPOYHOCTh M BHYTpPEHHee TpPeHHe 3HAUUTEJbHO M3MEHSIOTCS B 3aBU-
CHUMOCTH OT COCTOSIHHSI NOBEPXHOCTH. DTO sIBJIeHHe NpHUCylle KaK YH-
CTbIM MeTaJJjiaM, TaK U CJOXKHBIM CIJIaBaM M Habjarojaercss Kak vy
MOHOKPHCTAJITUYECKUX, TaK U y HOJUKPHUCTANIHYECKHX MaTepPHaJIOB.

B o6umem, moBepXHOCTHASl MJIeHKA MOBBILIIAET IpeJesn TeKy4ecTH
U CKOpPOCTb YIDOUHeHHs TpH HakJjene. HacTo y MOHOKPUCTAJ/JIOR
NepBblH yyaCTOK KPUBOH JAedopMalyy, a HHOTLA M BTOPOH YyyacTOK,
ucye3alor coBceM. CKOpPOCTb MOJI3YyYeCTH MOHOKPHCTAJJIOB IOHHXKA-
eTcs] B TPHUCYTCTBHU TBEpHbIX IIOBEPXHOCTHBHIX IJIEHOK; MNJS IOJH-
KPUCTAJJHYeCKUX MaTepHaJ/ 0B BJHSIHHE IMJEeHKH Ha CKOPOCTb MOJ3Y-
YeCTH TOUHO ‘HE YCTaHOBJeHO. ITonukpucrannuyeckne MeTanJbi, UC-
nbiTaHHble B aTMochepe, C<nocoOCTBYIOLLeH OKHCJAeHHI0 o0pasua,
006bIyHO 00s1aJal0T ‘60/ee BBICOKHM CONPOTHBJEHHEM TIOJN3yYecTH,
yeM MaTepHaJibl, UCIIbITAHHbIE B «HHEPTHOH» aTMmoctdepe. OnHako u3-
MEHeHHUsl, BEI3bIBaeMble IIOBEPXHOCTHBIMH SIBJIEHHSIMH, MOTYT BYyaJlH-
pOBaThCs YIpPOUHSIOIUM 3(eKTOM; BO3HHKAIOIUM 33 CYET BHYT-
PEHHEro OKUCJEeHHUs], KOTOPOe MOXKEeT UMETb ‘MeCTO B IIpOolLlecce HCIIbI-
TaHHA.

YcranocTHas IPOYHOCTh META/JIOB B OGIIeM YBEJHYUBAETCS MpPH
HaJM4YWH TBepPAOH IIJIEHKH, €CJIH TOJbKO OHa He pacTPeCKHBaeTCs.
OpHako ycTasJOCTHAs TPOYHOCTb OOBIYHO NOBBILIAETCS TaKkKe H TpH
HCIIBITAHWN 06pa3UoB B BaKyyMe HJIH «B HHePTHOH» aTmocdepe.

IloBepXHOCTHO aKTHBHBIE BelllecTBa B OGILEM yMEHbIIAIOT IPOY-
HOCTHBbIE XapaKTePHUCTHKH KakK MOHOKDHCTAJJIOB, TaK U IOJHKPHUCTAJI-
JIMYEeCKHUX MaTepHajoB. MOryT ObITh HEKOTOpPble COMHEHMs B OTHOILe-
HUY CHHXKeHHs Npejesna TeKydYyeCTH, ONHAKO CHHXKeHHe KPUBOH mJa-
CTHYECKOr'O TeYeHHs] N0Ka3aHO COBepIleHHO ompenenenHo. CompoTus-
JleHUe TOJN3YyYeCTH M YCTaJOCTHAss MPOYHOCTb 'MOHOKPHCTAJNJIOB H
TIOJIMKPHCTAJJIHNYECKHX MaTepHaloB yMEHbLIAIOTCS H MHOTAA BechbMa
3HayuTe s pHO. JIOo CHX MOp HESCHBIM OCTaeTCs BONPOC O BJUSHUH T1O-
BEPXHOCTHO AaKTUBHBIX BellleCTB JIpH HaJMYUH y MeTaJljla YHCTOH Io-
BEpPXHOCTH.
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DJIeKTPONHUTHl OKAa3blBAIOT YETKO BHIpaXKeHHOe BJIHSIHME Ha MeXa-
HHUYeckHe CBOHCTBa MerannoB. IJouTu Bce HocaefOBaHus, IPOBe-
JeHHble B 3T0H 00J1aCTH, NOCBSAILEHB H3YYCHUIO BIMSHHS 3JEKTPOJU-
TOB Ha CONPOTHBJIEHHE TIONI3Y4YeCTH. BiusAHHe 3JIeKTPONHTOB He OJ-
HO3HAYHO M 3aBUCHT, TIO-BHJIMMOMY, OT THIa TJIeHKH, 0oO6pasyeMoil
NPOAYKTAMH peaKIUH 'MeXAy METAJJOM H 3JIEKTPOJHTOM, U OT TOTO,
HMeeTcs OKHCHAs IJIeHKa Ha NTOBEPXHOCTH MeTaJssa Mau HeT. B Heko-
TOPHIX CJAyyYasixX CONPOTHBJEHHE MOJ3Y4YeCcTH NOHMIKaercsd, a B ApPY-
TUX CJyyasX — NMoBblLIaeTcs. B HacTosilllee BpeMsl Heslb3sl ellle Tpel-
JIOXKHUTh, €IHMHOH TeOpHH, KOTOpas [103BOJHJ/Ia OBl mpejcKas3aTb BJIHA-
HHe 3JIeKTPOJINTA, HO, MO-BHAMMOMY, YeM BbIlle peaKlHOHHAs CIIO-
COOHOCTb MeTaJjjla BO BCe BpeMsl HCNBITAHHA, TeM HHXKe COIPOTHB-
JeHHe noJayyectd. OueBHIHO, B TOM CJydae, KOTJa IPONYKTHl peak-
uuy 00pasdyloT MJIOTHO NPHCTAIOULYIO K TIOBepXHOCTH obpaslia mJeH-
Ky (xoropasi mpensiTCTBYyeT BBLIXOXY AMCJOKAalLUA Ha TIOBEPXHOCThb
o6pasiua), CONpOTHBIEHHE MON3YYeCTH TOBBILAETCS.

Bulao mpensokeHo HECKONBKO MEXaHH3MOB BJIMSHHS OKHCHOH H
MEeTaJ/JIMYecKOH IJIeHOK Ha MeXaHHYeCKHe CBOHCTBA MeTaJlJOB:

1. Okuc/aeHHe NOBEPXHOCTHBIX TpPeELIUH.

2. IlpunaTHe NMOBEPXHOCTHOH TJEHKOH YacTH IPHJOXKEHHOH Ha-
rpy3KH Ha cebsl.

3. 3akpen/ieHHe HCTOYHHKOB AHCJIOKAIMH, (PacIOJOXKEHHBIX Ha
{10BEpPXHOCTH.

4. O6pasoBaHHe CKOIJIEHUH IUCJIOKALUA Y MOBEPXHOCTH.

I'mnore3a 3ameynBaHusl TPellUH, 00pa3yOIUXCs 'Ha IIOBEPXHOCTHA
MeTaJJa, OKMCHOH INJIEHKOH He NOJy4YuJa pPaclpocTpaHeHHs TIJaB-
HbIM 06pa3oM NOTOMY, YTO He HMeeTCsl TIOATBEpXKIAIOLIUX ee HaH-
HBIX.

Haes o cnoco6HOCTH NJIEHKH NPUHHMATh Ha cebsl 4acTb TPHJIO-
AKeHHOH Harpysku BbICKasbiBaJjachb psaoM HccaenoBatenei. IIpumu-
THBHAsl MeXaHHYeCKass MOJeJb IIpe[nosaraer, 4TO HATpy3Ka Ha IJjel-
Ky mepefaercs IyTeM peJaKcallud HanpsXKeHUs CHABHTra B aKTHBHOM
MJIOCKOCTH CKOJIbXKEHHs1 JI0 TeX IOp, Ml0Ka MJeHKa He HayHeT Aedop-
MHPOBATbCA Y He CO3JaUyTCs YCIOBHA /A OCYLLEeCTBJeHHS IpoLec-
ca moJasywecTd. B cooTBeTCTBHM ¢ 3TOH MOJe/]bIO MPHUpallleHHe NpH-
JIOXKEHHODO HampsiXKenHs CIBUra, HeOOXOAMMOeE JJis HayaJja TeueHHSs
MOHOKPHCTaJJ/1a ¢ NOBEPXHOCTHOH NJeHKOH [42], MO/KHO paBHATHCSA:

At =S (18)
d
rae S;— yneJbHOe CONPOTHUBJIEHHE IJIEHKH CIBHIY;
h — ToJIIIIMHA TJIEHKH;
d — nuamerp obGpasua.

Corsiacuo 3TOMY ypaBHEHHIO HHTE€HCHBHOCTb BJIMSIHHSI MIOBEPXHO-
CTHOH TJIEHKH NPSMO IpPOMOPLHOHAJbHA €e TOJNIUIMHE W He 3aBUCHT
OT CKOpOCTH pmedopmauuu. Kpome Toro, Ha KpuBOH H3MeHEHHs ‘Ha-
UpsSI2KEHHs] TeUeHHsl HOJKeH OBITb He3HAUHTENbHBIH neperud, ecau
TOJIbKO IIJIEHKa He OKa3bIBAaeTCsl 3HAYHTEe/IbHO NPOYHEe MOHOKPHCTA-
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Jga. dra Tunoresa, IO-BHIUMOMY, COOTBETCTBYET HEKOTOPBIM 3JKCIle-
pUMEHTAJBHBIM J{aHHbIM, [IOJYYEeHHbIM B OTJeJbHbIX PaboTax, u Clpa-
BeIJIMBa JJIS OTpaHUUEHHOIO WHTepBaJ/la TOJLIHHBI NOKpbITHH. OfHa-
KO, ©CJIH pacCMOTpeTb BJHSHUE BCeX dKCIepHMeHTaJbHBIX (haKTOpOB,
TO JAHCJIOKAlHOHHAs MOJe]b fBJAsieTCs HauboJee MOAXOLsLIeH.

3akpenyieHsie TOBEPXHOCTHBIX HCTOYHMKOB AHCJAOKALHUH BJHAET
rJaBHbIM 06pa3oM TOJBKO Ha KPUTHYeCKOe IIPHBelleHHOe HamnpsxKe-
HHe CIBUra, BBI3BIBAIOLIEe TeueHUe MeTaJs1a. BlIoKupoBKa QHCIOKa-
uuit, obpa3yeMblXx BHYTPpEHHUMH HCTOUHHKAMH [IHCJIOKAUUH, y Io-
BEDXHOCTH TaKXKe BJHUSAET Ha KPUTHUECKOE TIpHBeJleHHOe HanpsKeHue
casura. Kpome Toro, nociegHuit ¢akTop MOXeT BJHATb Ha IPOTH-
KEHHOCTb BCell 06/1acTH m1acTuyeckoi gedopmanuu. OnuH u TOoT XKe
9KCIIepUMEHTAaNbHbI!l (aKT — MOBBIIIEHHE NPUBENEHHOTO KpHUTHUe-
CKOTO HampsKeHHsA cIBUra — o0yc/a0BIHBaeTCss 000MMH MeXaHH3Ma-
MH M KaXJbll U3 HHX HMeeT CBOUX CTOPOHHHKOB. OCHOBHOe 3aTpyA-
HEeHHe 3aK/Ioyaercs B IIOCTAHOBKe 3KCIlepUMEHTa, KOTOPBbIH II03BO-
Jaus Obl pasfenuTh BJHsAHHE 06oux MexaHu3MoB. IlpencraBisercs,
YTO TaKOH ONBIT AOJKeH ObITb HampaBJjeH TIJaBHbBIM 06pa3oM Ha
onpejeseHHe CaMOTO HUUTOXKHOTO OTKJIOHEHHS KPHUBOH PaCTAXKeHHUS
OT NMPSMOJIMHEHHOr'0 3aKOHa ynpyrofft AedopMmallud, a He Ha siBJe-
HHs, UMelolllie MecTO B-006J1acTH ‘GONBIINX IJacTHIecKHX Aedopma-
nyf.

HaMeHeHue HampsiKeHHsl TeyeHHUs Ha OCHOBAHUH TIPOBENEHHBIX
IO CUX ITOp OIBITOB MOZKET (C O{HHAKOBBIM yONeXOoM OOBACHATbCA KaK
3aKpenJieHHeM OBePXHOCTHbIX MCTOYHHUKOB JHCJIOKaLHuH, Tak U 06J0-
KHDOBKOH AucjoKauuf, obpasyeMblX BHYTPEHHHUMH HUCTOYHHKAMU U
NOBEPXHOCTHOH IJIEHKOH. _

Ha ocrHoBanun pa6or, B KOTOPBIX H3Yy4a/iOCh BJIMSIHHE TIOBEPXHO-
CTHOH IJIeHKH Ha XPYIKOe paspyllleHHe MOHOKpPHCTAJJIOB, GbLIO
npeaoxKeHo 00bsCHEHHe, OCHOBLIBAIOLleecss Ha '00pa30BaHUM CKOII-
JeHHH aucaokauuil y 6apbepos [43l. B MOHOKpHCTaj/1ax ¢ rekcaro-
HaJbHOH pelIeTKOH, NPH HU3KUX 3HAUEHUAX YIJIa Yo OBEPXHOCTHASA
[JIeHKa OKa3blBaeT BJIHSHHE Ha MPOILlecC JBOHHWKOBAaHHS, YMeHbIIas
paccTosiHie MeXJy NBOHHUKAMH M, CJeJ0BaTeJbHO, pacCTOSHUE
MeX1y UCTOYHUKaMHU JuciaoKaluil n 6apbepaMu. B pesynbrate Ha-
6,101aeTcsl MOBBIIEHHe paspyllaioulero Hanpsxkenus. IIpu BICOKHX
3HaYeHUAX yIJa g Npollecc NBONHUKOBAHUS pPa3BUBAETCs MeHee HH-
TEHCHUBHO Y IIOBEPXHOCTHas IJIeHKa AeHicTByeT Kak OoJsee 3¢ dekTus-
Hblf 6apbep, 4eM B MOHOKDHCTAJ/JaX ¢ YHCTOH IIOBEPXHOCTbIO. B pe-
3yabTaTe 00pasyloTcs 60Jiee KpyMHble CKOIJIEHHS  JHUCJOKalLuil,
BCJEACTBHE Yero paspyllaiolllee HaNpsKeHHe CHHUXKAETCH.

Jns1 o6bsicHeHHs1 pasyNpOYHSIONIEr0 [IelCTBHSI TOBEPXHOCTHO
aKTHUBHBIX BellecTB OBbIJIO MpeNJOXKeHO HEeCKOJbKO Teopuil. Pe6GuH-
Iep 1 ero COTPYAHUKH [6] mpeanooKuIu, YTO 3TO SBJIEHHE CBA3AHO
C HaJMYHeM MHKPOTpELIMH Ha MOBEPXHOCTH. B COOTBETCTBHH C 3TOIi
TeOpHell MOBEPXHOCTHO aKTHBHbIE BellecTBa (PH3UUECKH ancopOHpy-
IOTCSl Ha MOBEPXHOCTH U MOTYT MHIPHPOBATb K OCHOBAHHIO TPELIMHHI.
B pesyabrate co3maercs 6oJbloe AaB/I€HHE B COOTBETCTBHH C ypas-
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HeHMeM, BbIBeJIeHHbIM IJISl AaBJEeHHS, Pa3BUBAIOLIErocsl B KalHJJIs-
pax:

AP — Zicosb
r

Ilpu manoM papuyce r HaBJeHHEe MOXKeT OBITH OUEeHb OOJIBIIHM.
Ha ocHoBaHHHM pacCMOTpeHHsI HHKeCJeAyIHX (HaKTOB 3TO 06b-
sICHEHHe SIBJISIETCS CNOPHBIM. Dblio mokasano {141], 4To BecbMa uu-
CThble XKHAKOCTH C HU3KHM IIOBEPXHOCTHBIM HATsI)KeHHeM BCeraa cMa-
yuBaloT (8 = 0) TBepable Tesa ¢ BHICOKOH MOBEPXHOCTHOH 3Heprueil.
ITpucyrcTBHe amcopOHpPOBAHHOrO CJIOSI MOJMKHO YBETHUYHBATH YTOJI
koutakra 0. [ToBepxHocTHOe HaTsKeHHe OYIeT TaKKe YMEHbLIAThCs
B TIPHCYTCTBMH aJcopOHpOBaHHOro cJjos. Takum oGpasom AP B
NPHBENEHHOM ypPaBHEHHU JOJKHO yMeHbIIAThCsl B NPHCYTCTBHH TIO-
BEDXHOCTHO aKTHBHBIX BeEIeCTB, a He yBejuuuBaThcs. Kpome Toro,
MaKCHMaJbHOE 3HayeHHe JOJIXKHO MOJNyYyaTbCsl B YHCTOM (PACTBOPHUTE-
Je, TaK Kak B 3ToM cayyae cos 0 pasen enunuue.

PasynpouHsifolliee fefcTBUe TOBEPXHOCTHO AKTHBHBIX BeIECTB
"00bSICHAETCS TaKKe yHajieHneM OKHCHOH MJIeHKH, KoTopas (ecau oHa
NPUCYTCTBYET) CMOCOGCTBYET MOBBILEHHIO npouHocTH. OpHaKo wuc-
clef0oBaHue, NIPOBeNEHHOE Ha 30JI0Te {KOTOpOe He MMEEeT OKHCHOI
IJIEHKH), IT0Ka3aJ/0, YTO NOBEPXHOCTHO aKTHBHBbIE BellleCTBa VMeHb-
UIal0T CONpPOTHBJIEHHE TNOJ3YyuecTH 30J0Ta. JaHHBIA (aKT, No-BUIH-
MOMY, 6e3yClIOBHO HCKJKYAeT 3Ty TUIOTE3Y.

Masunr [111, 117] o6bsicHsieT pasynpoyHsioliee JeHcTBUe IO-
BEPXHOCTHO QKTHUBHBIX BeIleCTB TMOHHKEHHEM MOBEPXHOCTHOH 3Hep-
ru¥.-B cooTBeTcTBHHU ¢ 3TO# TOUKOH 3peHusi

Vo _ gy (—AT84 1

rae Vi u Vy—cropoctd jpmedopMalyiu mpu UCHBITAHHU B HHEPTHOMH
cpefie u cpejie, colepXkalllefi MOBEGDXHOCTHO aKTHB-
Hble BelllecTBA HJIH B 3JEKTPOJHTe COOTBETCTBEHHO;
AA — yBennueHHe NJOILAAH NOBEPXHOCTH;
Ay — u3MeHeHHe IOBEPXHOCTHOH 3HepPTHH.

B Hacrosilllee BpeMsi He TIPEeLCTaBJseTCs BO3MOXKHBIM OLEHHUTHb
CpaBeJIMBOCTb 3TOTO YpaBHEHUs, TaK KaK H3MeHeHHe NOBEePXHOCT-
HOT'O HATSXKeHHUs y TBepIAbIX TeJ IIPH IMOrPyXKeHWH HX B XKHJKHE T0-
BEPXHOCTHO aKTHBHBIE BEILlECTBA HE H3yYeHO.

Kpamep {119] o6HapyXua MblLIO MeTasJIoB B pacTBOpax, COmep-
JalllMX [TOBEPXHOCTHO aKTHUBHBbIE BelllecTBAa NPH NOTPYXKEHHH B HHUX
MmetaanoB. OH NpPexnoJIONKUJ, YTO Pa3ylpouHsiollee JeHCTBHe MO-
BEDXHOCTHO AKTHUBHEIX BEIECTB CBSI3aHO C MPOLIECCOM  XHMHUYECKOH
aJcopOLuH, CKODOCTb KOTOPOTO ONpeesseTcss CKOPOCThIO Tiepexona
MeTaJja B PacTBOpP IIyTeM DacTBOPEHHS coau Meranna. Takum 06-
pa3oM, MOHBl METaJJIOB YAAJSIOTCS W3 Y4acTKOB PacllONOXKeHHs
CKOIVIeHHH JUCI0Kauui. DTOT npoilecc objeryaer AHC/JIOKAUUAM Bbl-
X0 HA NOBEPXHOCTb. TepMOXMHAMUYECKH 3TO IKBHUBAJNEHTHO yMeHb-
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LIEHHIO MOBEPXHOCTHOH 3HEPTHH MJIM CHJI CBSI3W MeXIYy MOHAMH Me-
TaJ/JIOB B y4acTKaX pPacHoJIOXKeHHs] NUCIOKAUHUHL.

Pe3yabraThl MHOTHX ONYGJUKOBAHHBIX HCCJAETOBAHHI TPYMHO
paccMOTpeTh HaJJjeXallluM O0pa3oM BCJEICTBHE HEBO3MOXKHOCTH
yuecTb neHCTBUe MHOT'MX BaXKHbIX ()aKTOPOB, KOTOpble MOTYT OKa3bl-
BaTb BJHSIHME HA IIOBEDXHOCTHBIE siBIeHHsS. [Ipy M3yueHHH BJIMSIHHUS
[MOBEPXHOCTHO aKTHBHBIX BelIeCTB HeoOXOIHUMO MPHMEHSATh [0 BO3-
MO2KHOCTH HauGoJiee YHCTbIE PACTBOPUTENH, He COAepKalllie CJIENO0B
noJITpHBIX MoJekys. Heo6xonitmo TakKe MPUMEHSITb BeCbMa UHUCThIE
COeIMHEHHsI TIONSIPHBIX MOJIEKYJ, €CJIH TPedyeTcs M3Y4YHTh crneludu-
yeckoe [efCTBHe ONpeNeNeHHHX XHMHAuecKux BelllecTB. Crenyer,
KpOMe TOro, ofpamath BHHMaHHE Ha KayecTBO MOJATOTOBKH TOBEPX-
#Hoctd. Kak ykaseiBasoch BHIIE, 'Mblia MeTaj1oB He Oyner obpaso-
BHIBATbCS B OGBIYHBIX YCJIOBHSX, €CJHH He oOecHeueH KOHTAKT KUCJIO-
pola WM MOJEKYJ BOJBI ¢ IOBEPXHOCThIO. PasHuua B pesysbTaTax,
[0JTyYeHHBbIX Pa3JUYHBIMH UCCAENOBATENsIMH, MOXeT ObITb OGBsICHE-
Ha HEBO3MOXKHOCTbIO YYeCTb MMEHHO 3TO OOGCTOSITeNbCTBO. Mmeercs
psiI IPYDUX JeTaJjied, KOTOpPble MOTYT B 3HAUMTEJIbHOH CTENeHH BJIH-
ATb Ha IOJyyaloUlHecs pe3yabTaThl. Tak, Hampumep, o6paboTkKa,
npuMeHsieMasi B HEKOTOPBIX HCCIeLOBAHHAX IJISl IIOJYYeHUsS] UHCTOH
fIOBEDXHOCTH, HCIOJb3YETCs B NPYTHX HUCCAENOBAHUSX sl CO3[a-
HUSI OKHCHOH 'MJeHKH Ha obGpasue.
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